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ldeas

€ Central Database to maintain a structured integrative
secondary data in combination with processed primary structures
(aligned sequences) and any additional data assigned to the

individual sequences.
€ Comprehensive selection of software tools directly interacting

with one another and as well as with the central database
facilitating in depth analysis of molecular data.

€ Common Graphical User Interface
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ARB Main Window & Import Window

=] ARE INTRO | %
CAHCEL ! HELP
ARE - A Software Environment for Sequence Diata
ARE iz dewelopad ol Tha Al
Lehrstuhl fuer Milcroinlngia Oiiver Strunk, Rall Westram, Wolfigan) Ludwig
Technical Univecafly of kunick O Harald Meier, Yadhukumsar, Lolhar Rchlsr
Cermany M. Moy, 5 Hennann, . bkl M Stuckmann, O Gross
O.Hunholl, M .Lenke, B Joat, I Aeichel
hitp=ifears ark- e def W Foersler, T Ginhark, & Vilbiey, 5. Gerbers
CREATE ANDN THPORT HERGE TUO ARB DATABARSES
T
Exisiing Files (I} and Direcories () Suffix| arb
D "SPT_SERVER_HOHE * {/nF shone yadhu ARES | ib/pts) - n
F 16s_rRHA_G jun.arb "96938k Jun OF 13:41 2002°
F 235 _rEHA_ jundd.arh ' b0k Jun SH 17:3H F00E"
f demo.arhb . Tik Dec 20 18:34 2000°
¥ genone.arh "9k How 05 11:50 2002 "
- genone_14decll .airh 1HE i . S0
F genoniclbs ..arb : 36k Jan 31 15:20 2003°
F genonic_rRNA_operon . arb Y102k Jan 31 16:18 2003°
f genons 20011170 .arh "F2129k Jon 28 11:58 2003°
F prial 0 janid .arb YooqSek Jan 15 13:33 ADOg"
F zampleProtlB.arb ; &tk Jan 22 18:23 2003°
F =nall ..arh YNk Bec 13 18:02 20D01°
F sz jund? . arh 61302k Oct 23 14:37 2002*°
F bEestGenons .arb ) Bk How 04 14:38 2H002°
F kest_database.arhb : fEk How OF 15:49 2002
f besk_genome_db.orb . Gk How 05 14:29 2002°
OPEN SELECTED DELETE SELECTED | Enabile Novics Mads O




ARB Main Window & Import Window

HELP

* or T wikicants)

ARE e dewringad al lhe

Lehrstuhl fuer Milcroinlngia
Technical Univecafly of kunick
G rmany

hitp=ifears ark- e def

CREATE AND ITHPORT

Exdsling Files (1) and Direcories

0 *SPT_SERVER_HIOHE *
16s_rRHA_6 jun.arb
A% _rEHA__jundd .arh
demn ..arb

£

ey B By T |

genang.arh
1ddecll . airh

genoniclbs . .arb
genonic_rRHA_operon . o
genons 20011120 . arb
pral 0 janil . arh
zanp | eProt 0l ..arb
wnall .arh

o juni? .arh
testhenone .arb
test_database .arb
test_genome_db.arh

- T R T

OFEN SELECTED

Enter aligrmmant nama « typa [ 8.4

=] ARE INTRO | %
CANCEL. | sl meweorr _____________[x|
CLOSE |
Import Various Databases
i
AREB - & Softw Emfter Mle nama of foralgn databasa (may contan

¥'nf shone/yadhuGanallank Sequencellaba. san

Directores (D) and Fes (1) Sulfis

CIHTENTS X " AnfF sheoeeesyacdb

I ® PARENT DIR | A,

I "SPT_SERVER_HOHE * {/nFshome yadhu"AREA | ib/pks)
I AbiSuite

I .SuSEMat i lusPage

I .anzn

Inport genon data in CEMBRNE Fornet

« Import genon data in EHIL Fornakt

Inport. Foreign daba Format {or press AUTD DETECT)

AUTO DETECT
F geg-reF.ifk : 1k Feh
F geg_seo_only. iFt o 0k Hou
F gede. iFE . . Hou
l-' E:I:.' FInl.;IFI: : Mk Fish

. 1FE

bt

F EannrnL.uH / . Houw

Ths" fma o 16E rHENA)

RAME EIEE HHF[ Lypiz rra - |
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Search, Query & Modify ARB Database

=] SEARCH and QUERY x|

Hore functions Hore search HELP

CLOSE

DATABASE SEARCH

Search species

Add species

Keep species

HELP

that match the guery
that dont match the q.

that are narked

QUERY
search fields Search strings
full_nane = || *zalnonel lax
and nuc_tern = || »150¢
and ehi_check = || A
SEARCH =
Hits: 4g
HITLIST MARK LISTED
* SalTypdd tSalrnonella typhi UNHARK REST
* JalParaZ :Salmonella paratyphi A UNHARK LISTED
* SalEnt22 tSalnonella paratyphi B HARK REST
* SalEnt23 tSalrnonel la paratyphi C
* SalEnt25 tSalmonella blockley DELETE LISTED
* SalEnt30 tS5alrnonel la mnatopeni
* SalTypds tSalmonella typhinuriun
* SalEnt31 tSalrnonel la weltevreden LBIIE 1D FIE LT

REFRESH

OF LISTED




Search, Query & Modify ARB Database
m sEARCHamdQuERY = [x]

ELDSE'
g
-~ A
v K
QUERY
search f
i
and .Jl n
and — | el
I SEARCH
Hits:

HITLIST 168+ 18
* SalTypdd 2
= SalPara? e
* SalEnt22 2
* SalEnt23 2
* SalEnt25 2
* SalEnt30 2
* SalTypds 2
* SalEnt3l 2

|-

REFRESH |

Hore functions Hore search

SPECIES BFORMATION

SPECIES  FIELDS HELP
CLOSE | DETACH SERARCH HELP |
Edit ot 7 | Marked ¥ o

Edit bax {select a lield and edit il in this boax)

[EEN] Salmonella tuyphl BEES49S [EB]RIP] Salnome] la tumhi

DATAHASE HIELDE

Ful l_nane i i F
skrain b
ek _rel ol 2
ace B0
b_acc Bl 1
Wisr & fon :
all i gred i 1
ik by :
Liklm B0 1
Jouirrm | b
seaeheck 503
(L& :
e _bern 0
id 1
LA :
i Gl 1
all_ lbs data :
[T Bl
gEns |
desor ipt fon - |
ali_coanent 307
e _giene_Ssepil 0

Falmonalla Eyphi

[DEMGEBL] SE111 [HDP] Sti11. Former HOP Sids: USE54%5 | Correcsponding GenBonk entrur B
4 "Sal Typd 7! |
[IEY] Solnonalla buphi UEES4S LERLGEDP] Salsonel Lo bupsi -
LEE545

[DEU;ERT ;RPY 1545

[EBI] USE54%5.1

lapr-90ul, 12Fab0iul, 10decO0UL 21 ju 010 PRdechill

[DEM] Subramanian G. [EBL] ® Subranenlan G. [RIF] Subrananianil.
[ERI] €1):

[DEMGEBL] Seibmitbed {(059-FEH-1997) b0 the ERBLAREnBanksDIH.) databases.
ARD_9B19490

1541

1541

[ERI] STUBRS4S [CRIP] §.buphi3

[REP] wp_ insFo

T | Tagnedd

[IEW] Bacteria Probteohackoria {pannes subdivision] Enberobecber iacear Salmsonella CEBI
CDEM] 550 [EHLD &

[EEI] Salmnonella typhi 163 ribozonal BHA pewei complete sequence. [RIP] byphodid Fower
A HREF =httpisrersh.ehi.oc ks srebbincgi-hindugetzT-e+[EHEL_Featuras- id :5TUBES4G_ 1]
1541

Ingt ikl For §




Search, Query & Modify ARB Database
m sEARCHamdQuERY = [x]

Hore functions Hore search

CLOSE
5
A

QUERY
search f
i
and n
and el
SEARCH
Hits:
HITLIST 168+ 18
* SalTypdd 2
= SalPara? e
* SalEnt22 2
* SalEnt23 2
* SalEnt25 2
* SalEnt30 2
* SalTypds 2
* SalEnt3l 2
REFRESH

SECIES FIELDS
CLOSE | DETACH SER
Edlit preaibesd T 1'"_ Biarkpd T o

Edit bax {select a lield and edit i

TEEN] Salmonella tuyphl 1EH

DATAHASE HIELDE

Ful l_nane B0 Salm
skrain w0y LIEN
ek _rel S T4

ace 20 1EES
b_acc Sh: [DEY
s % §ion S0: [EBI
all i gred G0t lapr
ik by w0 [IES
Likle B0: [ER
e | 0 [IES
seaeheck S0: ARD_|
iaC #1941
e _bern S0 1541
jd G0: [ER
brp S0: [EIN
i Gt Sl
ali l6sAdata i o (R
[ B0: [y
gen w0y LIS
desor ipt fon ®0: [EB
alii _coanent W R
e _giene_Ssepil 30 1541

CLOSE

This module modifies the Destination Field

contents of fields. Journal
ST BT medl ine
" subsitute substrings W_
*copy one field to another huc_tern

*extract and calculate id
sequence information tnp
name

Use Tags O Default Tag Tag to Modify

Double Pars O (Experts only, read help text carefully)

Command (':a=b' or '|ACI')
I=zequence lcount{ "agctufGCTU™ }

Or select a predefined program:

renove all "'

copy {full_name} to this Field

append {full_nane} to this field

calculate seguence checksun

count ambiguities {nry. ...}) {(Filter: ECOLI}
truncate seq. ranges outside ecoli range
increase G+C content in helical regions by 5%
SIMPLPRO Simplified AminoAcid

ount nucleotides
Count nucleotides (incl. IUPAC}

GO

HELF TAGS

I=] MODIFY DATABASE FIELD of listed species [ x|

L
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Primary & Secondary Structure Editors

ARE_EDIT4 1"
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File

Primary & Secondary Structure Editors

" ARB_EDIT4"1"
“ANIE: BECOMDAY STWOCTURL 008 W0
Create Edit Vies Block Progporsies

" Ousi 1 Uil Jarp | L ':'E Closs! HELF i | ek Cemier Pl Ta e

limlp Earn Lot Prsilinn E.codi 1 i A [ CLICE ow SELECT &y s b S00F TW CLEFT) o P06 OO OFTEET

stk rall peanaliyy
Al N

SALHELEE N =

i 0 bR 1

SAnAL )
BAL PON_ VAR BY _PARVIMONT

E Efiere Smijiidndls (0

Ny TREFTOMTCLT GRISEUS
SETREFTOMYCEE RIMOFUE
S Quy RERAL TR AL TICUM . o PR
WA REOEAT TERIIM TESTALEDM L
B R4 O TEREF CITREUM

By aArRoErins GRASBIE

SEEEYIRAL TIRIUE LISENE
SR O OCHE LTS

B LN AL BT TS
g0 OC OCCEE ERTTIMOFOLIE
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B4R THRORAL TUR GLORFORMIE

N AR TRROEAT TEN OLOBITAMES

WA R TMHORAC TEN DTVDAR

SgEi IR TR LB L
NIRRT TR LY SODETICUS

W G0 0L DO CIE FASCIARE
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Ny CORAL TERILM FLAVESCENS

S ANTHRORAC TN LUTDUS

REAEE!
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Primary & Secondary Structure Editors

ARE_EDIT4 *1*
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Primary & Secondary Structure Editors

&O0: CFLITA T08

ATEE: SECOMDARY STRUCTURE EDITOR WINDOW

Fils Properties

Croate  Edii C iz HELF 7 inidei Hizalsi Czivl st FEL Tii M
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B AERraNAL T
B AR TORACTRI
s rmuEp L |
M VINAL TR
Ll [T Tl T ]
LR (RETE T
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1 23456 7

: — Il TTATTAA
Phylogenetic Tree Building AA T TAA

Methods 3| AAA TA
4| AAA AT

o
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Phenetic Methods Cladistic Methods

Distance based Character Based

Maximum Likelihood
Method

Neighbor Joining
Method

Method

Minimum Evolution Maximum Parsimony
Method




1 3 1 23456 7
0 o i : — 1l TTATTAA
0 Phylogenetic Tree Building AA T TAA
Methods S| AAALATA

2l AAA AT

Phenetic Methods
Distance based

Neighbor Joining
Method

Clustering Algorithm

Builds a small tree and keeps adding the

Minimum Evolution
Method

sequences to arrive at a full desired tree

Optimality Criterion

Selects the tree whose sum of branch
lengths is the minimum

Cladistic Methods
Character Based

Maximum Likelihood
Method

Optimality Criterion

Selects the tree that is most likely to
have produced the observed data

Maximum Parsimony
Method

Optimality Criterion

Selects the tree that require fewer
evolutionary changes




Treeing Methods in

ARB

FastDNAmMI Method

Neighbor Joining
Method

Distance Based Character Based

Parsimony Method

1 23456 7
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The ARB Parsimony Tool

e AEL_PARSI BN : - 0 ¥

E rm_1900_01neld Btk p | Corrent o gqpoap e | e
= EE | = 4 ebisel Foogaman MOS { Seleck Mode Inforsstion 3 o...
Edit Tree View wxing KFIG ...
Print Tree View to Printer ...
Lol lapeas st Tree -
Bomrus Species Fron Tres -
Add Species to Tree F
foen Tree Dpkinization
Boauk iy Troe
Caloulabe Branch Lerghbhes
Caloulabe Uppsr Boobzbrap Linik {depsndsnd MHD )

Calenlabe Upper Bootsbrap Linit {indaperdlend BN
Fencue Bootstrap Yelues

o |

O Able to handle big
trees (e.g. >30.000
16S/18S rRNA
sequences)

O Allows optimization
of trees and sub-
trees with different

WEARTRC RO & 0% TN

fdd Marked Species

Add Harked Species + Local Dptinization (HND}
Remowe & Add Horked Speciez

Remmee & Add Harked + Local Dptinization (HHI}
Fcdd e lected Species

Acdd Selected Species + Local Optinizatiom {(HHI}

parameters.

O Adding sequences

IS possible without
changing initial ,
topology. L —

Friabi Lodar
i i Rk




Phylogenetic Treeing using ARB Software

Import Sequences

Alignment of Sequences
with Automated Aligner

Manual Correction of
Aligned Sequences

Primary Structure
Editor

Secondary
Structure Editor

v
Phylogenetic
Treeing

Visualization and
Inference of Trees
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Visualization of Sequence Data

ARB_NT

5 rRHA_G mi.arh | 3e_kre_ 1000_mab_moy ] i = mcies InfFormolion HELP. T
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Visualization of Sequence Data

Sequence SAl  Probes

las_rENA_D jun.arb | =e_tee 1000 _mib_nag

L=tHom:24 HELF | ¢ LESS
UNDo REDD 1 o

SEARCH TJUMHP
19 marked
zoon  RIGHT: zoom ouk one sk
imctobacilles sakel 81 ral.

i Protect 0O
Z00H HIOE LEFT: presz and drag LIII

L i Sl LA i

Atapaharter pheras, 1511
| & Abbotrephia

2" Carwoballeriadsas
1" Allsiococces ot rel.

ciwsphaera et rel,

SAIFEPIOCS0CATS0E

Listeria manscylogenes &5 1371
FUEFA MOBSCyioganas &, 1434
iStEFA B0 ey agenes, 150
Listeria monet ylogenes, 1465
Lisigria manecyiagumas, 1447
LESTariD Imibndna, 1904
LEaTeria weldhilmer, 1414
Listaria walskimar, 1484
LIsTaria lnned s , 1455
Lisneria inmalia, 1500
Lishena monecyioganes, 1514
Listeria sesliger, 1410
Listeria sealiger, 1432
Listmria ivanowvii, 1418
Lisneria Pvannyii, 1445
Listeria ivansyii, 1450
waiuitwrad swbact wrinm, 1485
LEsteria grayid, 1404
Listeria mwrrays, 1474
Listaria grayi, 1426

BrddhatThila

Eacillus sp., 13654
marias badillus NRRLD 14506, 100E

caran: &1 ral.




Visualization of Sequence Data

Species Sequence SRl Probes [res Propeart ies HELP
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EHDE REDD i 5 SERRCH  TUMP | MWW | poosod o |
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Visualization of Sequence Data

File = = AEE_MT Tl
-h_._ E!? EME_LES SPECIES INFORMATHON
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s '{ Z00H HODE
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F| _a"f-"“ { i Lt |
= e E Edit bax {select a lield and edit il in this boax)
|=+£ E [EEN] Salmonella tuyphl BEES49S [EB]RIP] Salnome] la tumhi
BT
I Lizon ]
(e g
uiET -IIF::r; a
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Probe Design and Probe Match
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Probe Design and Probe Match

| FHENT
File Speciez Seguence SAl Probes Tree Tools Properties HELP
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Probe Design and Probe Match
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"
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Probe Design and Probe Match

I= ARB_NT | %
Fi : o E - 3 2
= PD RESULT X
"
= CLOSE SAVE PRINT HELP
1 |Probe design Parameters:
.4 Length of probe 18
PROBE MATCH (%]
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PT_SERVER localhost: LSU_rRNA.arb Check complement too v EL
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Search depth SEARCH UP TO 1 HISHATCHES . T
Write Result to field ‘tmp’ | [
PRINT EXPERT e
fiC
bF
MATCH Humber of Hits: 15 bl
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* LstInnle Listeria innocua 0 0 0.0 10376 63 0 AUGCAAGUC-==================—CUUGCUCUU
* L=tHon?1 Listeria monocytogenes 0 0 0.0 10376 b3 0 AUGCAAGUC-==================-CUUGCUCUL
* LstInnl? Listeria innocua 0 0 0.0 10376 B3 0 ..isissess—==================-CUUGCUCUL
* LstIvano Listeria ivanovii 0 0 0.0 10376 b3 0 AUGCAAGUC-==================-CUUGCUCUL
* LstIvan3 Listeria ivanovii 0 0 0.0 10376 63 0 AUGCAAGUC-==================-CUUGCUCUU




Probe Design and Probe Match
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Combination of the Protargol Method according to
Foissner with FISH on Epistylis sp

Under Light Microscope Under Fluorescent Microscope

Pictures from Dr.Johannes Fried




Hybridised DNA Chips
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The Multiple Probe Concept




Tetrahymena

_| Glawcomea chattoni

Glancoma chattond
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Colpidiam campylum

lchthyophthirius maltifilies

—9 Ophryoglena catenula
Epistylis palea
Vaginicola erystallina

Epistylis wrceolata

Fpistylis wenrichi

Epistylis chrysemydis
Epistylis sp. 1

‘ — Epistylis sp.2
Epistylis hentscheli

Lpistylis plicatilis
Unidentified enkaryote
Vorticella campanula




In situ hybridization of Glaucoma scintillans with
multiple probes

B

D : G. scintillans
under light
microscope

Pictures from Dr.Johannes Fried
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ARB Genome Window : Displaying List of Organisms and associated information
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Genome map of Listeria monocytogenes displaying rRNA Operons
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Genome map in block view and Individual Gene Information display
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Searching for Genes in the Genome of Organisms and displaying respective
Gene Information

=1 Gene SEARCH and QUERY [x]
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Experiment Data Entry Form
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Currently Maintained ARB Databases

(Eucarya, Archaea, Bacteria)

= Small subunit rRNA — 16S,18S rRNA (41,737)
= Large subunit rRNA — 23S, 28S rRNA (7,312)
= Elongation — initiation factors

= Proton translocation ATPase subunits

= Heat shock proteins

= recA

= RNA polymerases

= DNA gyrase

= Cytochromeoxidase
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Operating Systems

SuSE %Sﬂﬁ

LINUX / Unix '

Operating System

' ; redhat Mac OS
" Mandrake Linux E: vmware-
Programming Languages

€ C, C++, Perl and other scripting languages
€ GUlis based on X Windows & Open Motif Library




ARB running on Vmware, a Linux emulation software under Windows
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Availability & Documentation

. [ EA e

= Beobrwks [ods Bindow  Hele

__jI -+ Tre AHB prosel |

. 0.0 O Q ommrms =

“As we enjoy great Advantages from
the Inventions of others, we should
be glad of an Opportunity to serve
others by any Invention of ours; and
| this we should do freely and

Ard

[CF 1993 - J0OZ

Hore about the ARBE Projoct
Iritially. PP was dewveloped for rREA data

hendling and arelysas

howspeeT
of probein coduing geres

Publicaticn caady Efees can be gesacsbad and erpacked in wvas)
formalbas

F‘J-::lpl-:

B Distanse matiid, mbeinom peraimany el sediwiss Likelilsad bas
plylogenaiie treeing com be performed applyisg the respaciiv
tocls. A sperial wactiwom parsimany approsch allews reconstru
aptimisation of CcomprabeEnsiys tress cepressnbing the Dull s
met [ourcsntly more thes DU U snbriss)

F A peenrioll sshifor £o

remd of wirtusl

Oyt Dors WLEEE =00

e B A P

www.ar b-home.de

the packagef” ’

. i
Cleout: CJRE Highl ighted features:
erin 7 ode L3 vlpalie L 1 o= =
 T— B Ay detabess entry can be vispalised in the
wnin window slomg wath = phylegenetic toes. [§==Gis ==
Oatabimss access snd paovigebion 1s possihis |8 -
Ll ar heoos vis mpuae click an the @asplayed tres or by |8 —
uxing = search bsal ] -
= 1.8
e urmemboizian :
v
Sequercs and additicnal dats can B s B E =N
Caansmiaade sparted 1n o» variety of commoply used flat '
fils Formstes e
L=
F‘r-:j-:-:t:. by

primary structurss anc lusdss werastle y - Ll
2ol for sutosstsd .
sligrovant af p lacsl 1
aligrwnt aplbimisatian, aubamatad

- — | deiandary
=Tty |.".|..l\.'..|l\.' chick
H way wall ma

i—'l'_-i.'-.

Srarlap=rul s a phylagrerlon mearoees

generously.™

- Benjamin Franklin

Derbighaps,

Drocomand oo

Dloconinociy
Dr o pectn,

Daapix

o,

ni

Do Imilo

ARE g bahs e

[ 3 5 et HEE - Je13
Impertant: It s dpwnilosd shanen 1 windysn, only T = n
therwits Lhe $ils w1 2 ke
Bardears Reipleesonto [L0nos
Lk [T
Rral pemeey £k 1
Filian o i Epuans 1 0k 15
Lorpuiar spsesd 4 iz I
Mabm. Hemary is marcs & r fuak | FaH
ey b mach Pawimr bl 5 wikk
Files mepihed Lo Lnatall azb:
L4 11 | LT ntaon IpE
= 3 ENE | i
> L ircompreny paograse (ges)
Legurtani LLC ORI E el o E -1 ] albl
L S 4 i —E- =

5 1




People Behind The ARB Project

Group Leader

Dr. Wolfgang Ludwig

Lehrstuhl fuer Mikrobiologie
Technische Universitaet Muenchen
ludwig@mikro.biologie.tu-muenchen.de

Programmers and Curators

O.Strunk, R.Westram, L. Richter, H. Meier, Yadhukumar,
A.Buchner, T.Lai, G.Jobb, S.Steppi, W. Fdrster, H. May, S.
Hermann, N. Stuckmann, O. Gross, B. Nonhoff, R. Jost, B.

Reichel, T. Ginhart, A. Vilbig, T. Liss, M. Lenke,



Future Goals

€ Online Probe Design using ARB Positional Tree server

€ Multiple probe sets for selected phylogenetic groups
(chip design)

€4 Chip data analysis and evaluation tool

€ Further Development of ARB Genome Analysis Software
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