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What’s new in version 1.3.3?

Version 1.3.3 of BugView includes further enhancements to v.1.3.1, which had
introduced improved cross-platform support (including a native Mac OS X ver-
sion) compared to v. 1.3. (An applet version of BugView was also released about
thistime.) Version 1.3.2 was primarily a bug-fix version, but, in addition to fixing
acouple of further bugs, v. 1.3.3 simplifies the creation of both Comparison files
and Comparison pairs, and provides percentage identity information on Compari-
son pairsto help one choose which to align or delete. The Find and Search func-
tions now default to the user’s previous choice.

This version of the BugView manual also provides information on a new
web facility for creating comparison pairs (Appendix I11).



1. Introduction

BugView isan application to help experimental scientistsvisualize and compare bacterial genomes.
For a particular genome the user may work with individual genes and:

* View their position in relation to other genes

» View information on their gene products

» Edit gene information or make annotations

» View the nucleic acid sequence of the gene and its conceptual trandation
» Print thistextual information or the graphic view, or saveit tofile.

BugView has been tailored to allow the user to compare the genes of two different genomes. A
special comparison file may be loaded or created that lets the user:

* View information on related genes

» Perform or view pairwise comparisons by the Smith—\Waterman method
» Create new relationships or delete old ones

* Adjust the overal view in different ways to facilitate comparison.

Although BugView was developed for bacterial genomes, it will also display eukaryotic
chromosomes, and will represent individual exons. Currently thelargest genome successfully tested
isthe 30 Mb chromosome | of A.thaliana.

System Requirements

BugView is a written in a quite basic version (1.1) of the cross-platform programming language,
Java. Hence there should be a ‘ flavour’ of BugView to suit the personal computers of most users.

Nevertheless, there are problems that might be encountered. Java programs require a so-
called ‘JavaVirtual Machine' to run. Thisis provided by default on Macs (A pple manufacturesits
own JVM) but may not be installed on some versions of Windows and Unix/Linux. In that case it
should be downloaded from Sun’s website (e.g. at http://java.sun.com/j2se/1.4.2/download.html).

A second possible problem may be encountered with older machines. Although small sec-
tions of genomes can be handled on machines with relatively slow processors, the ability to handle
large genomes requires a processor running at 500 MHz at least.

Mac

Separate double-clickable versions of BugView are provided for MacOS 9 (or 8) and Mac OS X.
Users are advised to remove previous versions, and, on MacOS 9, to rebuild the desktop.
Windows

A simple double-clickable executable of BugView is available for Windows (95 to XP).

Unix/Linux

For Unix/Linux a‘jar’ file, BugMView,jar, is provided, together with a shell script, bugview.sh, pro-
viding the necessary command-line arguments, including extra memory assignment:
java -jar -Xnms200m - Xmx400m BugVi ew. j ar
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2. Loading and Unloading Genome Files

File Format

BugView usesfilesin aformat based on that of GenBank, annotated in the manner currently stand-
ard for bacterial genomes. The essential features of thisare described in Appendix I, which the user
is strongly advised to consult before trying to use the program on files from other organisms.

For speed in saving annotations to file, and because repeated manipulation of the nucleic
sequence can lead to corruption, the GenBank data for each genome is converted to two files— a
Data file and a Sequence file. User annotations and edits are written to the Data file when they are
saved to disc. The Sequence file, however, is left unchanged.

Converting GenBank files

1. Select ‘ Convert GenBank File' in the File menu, thefirst time you work on a genome, and open
the GenBank file from the standard sel ection window.

2. When thefile hasloaded and been converted you will receive
amessage notifying you of the filenames of the Dataand Se-
guence files generated. These are based on the accession
number of the genome and are given the extensions .gda and
.Seq, respectively. It is not advisable to alter or remove these
extensions. For genomeslarger than 15 Mb, a Datafile but no
Sequence file is generated. In these circumstances one uses
(andisableto load) the GenBank fileinstead of the Sequence

file GenBank file converiedl
' Daba file: SC_BE2EE2. gl

Open Genome File 3
Dpen Comparisan File... ®K
fpen Froject

Converl GenBank File...
Canverl Comparisan File...

3. You will be able to continue working on the genome without Shguinco filo: NL_BE2E62. 1oy
quitting the application, but any changes will be saved to the
Datafile. The GenBank filewill remain unchanged and is not oy

required in subsegquent sessions, unlessit isbeing used in place
of a Sequencefile.

Loading Data and Sequence files.

The Datafilefor agenomemust always beloaded
before any Sequencefile. It isnot, in fact, neces-
sary to load a Sequencefile in order to view and
annotate a genome, although in that case se-

Upen Lompansss file.. =

Beam SpnuBnee Film
Open Project Wl  —

quence-dependent information and procedures will obviously not be " A
available. Any number of files may be loaded into a Bug\View win- g v
dow, but the same file may not be loaded twice. i
1. To load a Data file select ‘Open File..” > *‘Open Data File' from | 1wt gt -
the File menu and navigate to the file and openit. If successful you L g
will see adisplay of the genome of the type shown. ) 6 bl B
2. To load a Sequence file select ‘Open File..” > ‘Open Sequence | ™[ ™™ muiiy
File' from the File menu and navigate to the file and open it. You —
will be informed when the file has loaded. apaca | e
We reiterate that the Sequence file is only read by (not written to) Wy
BugView, and will remain unaltered at the end of your session. If, for 1 E
any reason, you wish to edit a sequence you will need to open the | ™/ P
Sequencefile in aprogram that accepts and edits plain text. o0z O
S L




Loading a Project

To avoid the chore of loading five separate files for a comparison of two genomes, one can load
them automatically from asingle ‘ Project File' (extension ‘.prj’) specifying the names of constitu-
ent files. Thisis done by selecting * Open Project’ from the File menu. The fivefiles specified in the
Project file (or aliases of them) must be in the same folder as the Project file.

Theformat for aProject fileisvery simple, and described in Appendix |. However one can
generate a Project file automatically after |oading the five constituent files by selecting ‘ New Project

File' from the File menu. [ File |
Open Genome File ]
fpen Comparison File... 2K
Dpen Gename File 3 Open Fro ject ]
Dpen Comparisan File... ®E

Convert GenBank File... L
Conver! Comparisan File...
Import Data Annotations...

Load COGS k

Open Froject
Convert GenBank File...

Mews Comparison File... #MN
Mewr Froject File,.,

Unloading Files

Individual files (e.g. ones loaded by mistake or no longer required) can be removed completely
from BugView without quitting by using ‘ Unload File' from the File menu. You will be asked if you
wish to save any changes you have made (unless you have set your session to * Autosave'). Occar
sionally you may be asked whether you wish to make changes when you do not think you have
made any. Thisis because of limitations in the software which does not detect whether you have
made any changes after you have opened a dialogue box.

The ‘Unload All Files menu item (immediately below ‘Unload File') allows one to remove
all the files from BugView in a similar manner

| e |
=
Deen GENome Fle ¥
Deen Conpariven fise.. =i
DEen Fraie il
— Wmlga Flin
L =i
; e Saw Lhanges Eelene
Imadd F8E: E ML_HE2G6H2|MC_HB2TETT
hiEEl [AMm@ansan Fle.. XN
wiew Frojpec Filke...
Ul File [ Lottscaicus eclis subsp. Bt | Cance | | o & bl | | e |
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Find...
Renaming Genomes

If you load two files which specify the genomes of different strains of the same organism, the

names appearing initially in the graphical display may be the same, although the dynamic menusin

which the names appear will have the accession number appended so that you can distinguish

between them. You will find it preferable to edit the names so that you can see which genome is

which on the graphical display. To do this:

1. Select * Rename Genome' from the View menu.

2. Select the current name of the genome from the drop-down menu, edit its name in the edit field,
click *Update’, and then ‘ Close', unless you wish to edit the names of any other loaded genomes.

Sebecl Gepomey o -mliuuu Em=g=—m tm==-—n
el Gensme Display Range...

Ca-alegn Genes...,
Co-align Conrdinales..,
Revert to Defaslt @lignmend

Enlit Meme; [oectoorarus lactis subap. lactis |

Edepiete | Lt {0 0ot Cork |61 smlieip. |60t § |

Reuerae Directliansy
Dasplay) BEher Fealures..,

| Ggnmime & P Ssmmories l 5

| Update || et || Aevert Al | Close |




3. Working in the BugView Browser

The main area of BugView is aresizeable scrollable window in which the graphic representation of
the genome(s) resides. Operations are performed using pull-down menus from the menu bar, the
controls on the control console, contextual pop-up menus, or with mouse/keyboard shortcuts.

The Menu Bar

& File Wiew Pairs Diagram Window Help
0 Autosave..,

Label Appearance...
Comparison Strip Widih,..
Category Colouring...
Duerlapping Gene Slagger...

Comparison Length Cul-aff...
Internal Comparison Filter...

Genera commands are found in the pull-down menus under the menu bar: the File menu for file
manipulation, the View menu for altering the general appearance of the window and the objectsin
it, the Pairs menu for commands relating to gene comparison pairs, the Settings menu for setting
user preferences, the Window menu for moving between different windows (section 11), and the
Help menu for help in using the program. The menu items are described in detail in other sections.

The Control Console

i Wy Fom igh Sedpcting
i s PRE: Om | |0 Ire Fiiml Aeari b
Feee G inde Comparisan infs fwecedt Danparsnn Blwple Hali b Enhernal Coniom
e EAIN Dol Edit Cabegry Edit P il Pir Dtlwie Paar Elign Pair: Ca-alige Rerwea

Most of the controlsin the control console are used with genes and other objectsin the window that
have been selected with the cursor. They are dimmed if a particular option is not available. Those
concerned with editing or viewing object data are described in a later section. Others concerned
with the size and position of objects are summarized here.

» The Zoom scroller increases the linear magnification of objects in the window up to 512x.

* The ‘Focus On’ button zooms a selected gene so that it is at its maximum size within the
window, and centresit there. The * Focus Off’ button returns the zoom to 1x, whether or not
the geneis till selected.

» The ‘Centre’ button centres a selected gene in the window, to the extent that the current
magnification allows. It isnot available at 1x magnification, and will not fully centre periph-
eral genes at low magnifications.

In addition, there is atext area in which the name of a selected object is displayed.

The Window

The only obvious controls in the window are the scrollbars, which become available when part of
the genome map lies outside the visible area. However contextual pop-up menus can be invoked to
allow the user who is familiar with the controls to access them with less . ui-ui

physical movement. The pop-up menus are invoked by pressing the plat- [ s

form-specific “modifier’ after selecting an object or before holding down  Zcricif - Edit info wory

the cursor elsewhere in the window. The modifier keys are: i ————
Mac: Control Key [ ot aingn Nignmens
Windows: Right Mouse Button s Imbermet Mpament
Unix/Linux: Third Mouse Button @ -l LEEIOM Alignmant



Alternative ways of Scrolling

Asan dternativeto using the scroll bars, thewindow can be scrolled interactively by simple mouse-
dragging up or down. This allows the finest control at higher magnifications. One can aso use the
keyboard up-arrow and down-arrow keys to scroll half a page at atime, or the page-up and page-
down keysto scroll afull page at atime. It ispossibleto centre on a particular point in the window
by double-clicking at that point.

Viewing a Sub-Section of a Genome

As the genomes handled by BugView increase in size, the visibility of individual genes at maxi-
mum zoom size may become inadequate. It is possible to overcome this problem by restricting the
display to a sub-section of the total genome. To do this:

Set Range

Select Genomes to Display...
S$et Genome Display Range. .

Start: |I | |5m14n | : End

| Co-align Genes...

[ Revert ][ Cancel ][ 0K ]

1. From the View menu, select ‘ Set Genome Display Range'.
2. A dialogue box appears with the current start and end co-ordinates of the genome in the display.
3. Type in co-ordinates for the new range you wish to view and click ‘OK’.

Temporarily Hiding a genome

It is possible to temporarily hide a genome or the |& Fenome Display =]
comparison pairs without having to remove them -
from BugView and reload them from disc | ater. 2t Wide |
‘Select Genomes to Display’ in the View
menu presents you with adialogue from which you -
can choose what to hide or show again. Note that if
a genome to which a comparison file refersis hid- B
den, the comparison strip is aso hidden. If a com-
parison strip is shown again, its associated genes are shown in concert.

Sireplatoctus g |
AEESpEd | AEeES
Laioomt ows lact|

Altering Label Size and Visibility

Selecting ‘Label Appearance’ in the ‘ Settings' menu presents a dia- Labels

logue box in which the user can change aspects of the appearance of | isswistets  Cimige ianeis
the name labels on genes. The labels can be hidden and shown again, |®feckaresnd en L Backgrasmd =1t
or the size of the text can be changed from the default point size of 9to Lokal knet stze -
valuesof 10, 11 or 12, to alow for differencesin screen resolution and
the user’s eyesight. The background on labels of paired genes can be
suppressed, e.g. for generating clearer gif images.

%W

Help :lh;':ﬂ:r:lull*“

The Help menu contains brief descriptions of thefunctions of thedifferent | fis==seiteme

menu items and the Control Console buttons. It includes a list of MOUSE | Fiegwn s tems

Fredermrce Masu ilmms

and keyboard short-cuts under ‘Mouse and Keyboard control’, which can | tasseie cassrs

also be accessed from the keyboard with Help (Mac and Unix) of FL (PC). | rus s e




4. Viewing and Editing Gene Information

Viewing Gene Information
Genes are selected by single-clicking, when they become highlighted in red. With a gene selected,
an information dialogue box can be invoked from the * Gene Info’ button in the * View’ group on the
second row of the control panel. Double-clicking the gene has the same effect.
» Thedefault view isof theinformation regarding the gene. This currently includesits position
in the genome, its name, its ID, its product, the functional category to which it has been
assigned, the best (external) BlastP hit, user comments, and user experimental data.

Gene Information 1

Ftoaptooooruy pyogenas Ml A% bawew 3337, 8TE0

T toal

10: 1A T4IE
EL Br_sB4Ei. 1
O MHan  GOEL1ST
Eredusti

putatiws bwrenssciptien-repedr coeplizg Esscbor
cabagaryt DER ceplicatdan who,
Bawt Blaxtl Hitn

b LU b

Expacimantals

| tnre || msR || Proden |

|H'H Il Frint Il Edi “ I:Il:ll-ul

» The‘DNA’ button displays the numbered DNA sequence of the coding strand.

GEne Information |

Maner toaf
Orgeniss) Skrespbococous pyoperms H1 RS
Thee dixry 1% 21=4%; (1 OHT 2002

(AT  akgpababth bapastbabt tegbosgesab sapasagtes astcobgpos
(AT chkobgpabts scracobbey geapacasch pobastpgpg thabopapth
[AFIT csagtsaser atbgpobabe gribocgrth stbtagetps tresasasas
(AMET abagtbgbagpn btecstras trasastpan ptbgesasast tegrosgogs
[T thitatobagh btacbipabsg asgearctbgh bbborasthbt thitposgeson
(AT akgtgpobgr sprapaatht abobbbgrgh castpaetss apobobabos
(31T apastegees corbposabt thtsapgesab cobasaboba apggpopbbth
(AT axtbgbhagh btatcapgrt tsapastbbh stbgrossss crapabgbbh
[T thacasagen bosgetbose chascagbin papasgetba tpabagbpab
(T actctharts sacaschbget gecsabipge babosgesang

ATAT E

| info || L) |||'lI't_|
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* The*Protein’ button displays the protein translation (spliced if appropriate).

Barmr brel

Probeim 3874334

Crpaniye: Fhrapbosooous ge=ws HI AT
Tranzlation penacasad: x Bug 1% TLS0p34 OHT 003

1 HOTLELESON EFVSTHISIL TTLOMJLTHD LEOSIETLAT ATKYLIDOER
%1 IVVFTTIOHE VEELASOLST LLDTELNIGE FATDVAMATT IFASHDEALE
101l EIETLOFLAN FESGIVLIYS LSJLAILLYN POFFIESQIQ LTVWOEDYTED
131 TITEQLHTIN FEVIQTISE SrIMSIL FISEITDELT YRLETIOLDI
201 [SIRQFHPET QESFEQLEGT FONFASOLIF EVEDFQMIIE [QLEFALJTANG
%1 TDOFESFLEDY LATEEHOTEH FOIMEFQILE TESEWSLIIY IPESTELEIT
01 DIECYTEMA MFDLITANLL TEDLQUOSAL THLHSFIONY MELEHYEPFAT
181 FITHRMFOLG NIEFDORHQL TYAHQEFTF GTPLLITEIE RSQEHGTTYI
401 VIVERYAYE MLEESIUDED FALFLTSANG IVERESCIVI BAISSITYTR
4%1 [EELALITEN EIFHEECEAF ANMIHISNAT BIFIEHILAY BDYVVHHVHD
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» ‘Save’ and ‘Print’ bring up dialogues for saving or printing the contents of the text area.




Editing Gene Information
1. To add or edit gene information one presses the ‘Edit Info’ button in

the ‘Gene’ group, This

launches a dialogue with two text areas, the upper one containing the information that cannot be
edited from within BugView, the lower showing thefirst field available for editing and its current

content. (It isalso possible to transfer directly from gene ‘view’ to gene

‘edit’ mode.)

Edit BEne

3. pyogaras HLGAS bsxaz EIT. . BTED

Ganm s Brcl

Category A ceplicatizn skc
Benk Elaskl Hit
Comsearrt x

2. A pull-down list allows oneto select the

1] ATETAIES

[ i) W _ZE342%W. 1

Praduct putsbive tomnacrigfios-repair coupling Emctoo
Do Ho COGL1ET

=0

field one wishes to edit. To insert a | L&k

paragraph break |n the edlted teXt, pr% putative trenzcrciption-capmirc cozplisg
the ‘return’ key twice.

dmctor

il

3. Changesarereflected intheupper ‘info’ | (25

window on clicking ‘Update’ or on

[ Produc =]
changing to another edit field. It is pos- (pate ) [wevert ) Rewert an ] [ cose )

sible to revert to the original text of a
singlefield or al fields.

3. On finishing editing a gene, one clicks *Close’, which automatically implements the last edit.

Note that all changes must be saved to disc manually, unless ‘Autosave

Saving Gene Information

Ewlezane

Ll el il ..
Compaiisss $1ip Widih...
Category Colouring...
nueriapping Gene §Degper_

Comparises Langth Cut-sff_

D Bwledaue & Meassl saue

Infernal Comparises Filfer..,

So as to speed up the operation of the program, changes made are not
automatically saved to disc unless ‘Autosave’ has been selected in the
Settings menu

You may manually save Data file(s) to disc at any time (and are
advised to do so periodically). You will always be prompted to save
changes on unloading a genome or quitting. To save manually, select
‘Save File from the File menu (or useits keyboard equivalent). Thereis
also the standard option, ‘ Save File As, to save the Data file for a par-
ticular genome (but not the Sequence file) under a different name.

Incorporating User Edits into Updated Genome Files

If an updated version of a genome appears, it will be necessary to gen-
erate new BugView Dataand Sequencefiles. User edits can beimported
from the old Data file using ‘ Import Data Annotations' from the File
menu. The user is presented with the option of which fields of editable
datatoimport. Note that revised genes have new GenBank Gl numbers,

Isin use (below).

DpEn GEanme File L

(Wi L GaTa i D 1 ik =i
D P it | |
Uit (1 GEniBank Filie. =L
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Loed [OEx ]

Kew Lamparisian File_. =Y
Wew Frojecd File...
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Open Genome File [3
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and version numbers of ‘protein_id’ will also change.



5. Assigning a Category to a Gene

An important piece of information regarding a gene is the function of its product. In BugView this
is recorded in the ‘ Category’ field associated with a gene. There are 21 categories available and
each is colour-coded to aid identification when viewing the genome.

Category Descriptions and Colour-coding

The categories are based on those used in COG — Cluster of
Orthologous Groups of proteins (http://www.ncbi.nlm.nih.gov/COG/) | Mftmut Baliaan Halp—
— but have been extended to accommodate structural RNAS, inactive | oo

] ol (ol i [l Pl

genes and some other descriptors. Two colour schemes are available. | troducties s segses

There is the one used on the web for COG, but, because the colour | i mens isems
differentiationinthisisquite subtle, BugView hasitsown colour scheme | Rl

which is the default. satiimge Hanu tams

Thelist of categoriesand two colour schemescan beviewed by | s s Eoyboard contess
selecting * Category Colour List’ from the Help menu. Theschemeused T N
can be changed in adialogue box accessed by selecting ‘ Category Col-

ouring...” from the Settings menu.

Assigning a Colour Category to a Gene

To assign a category to a single gene one presses the *Edit Category’ button in the * Gene' group,
makes a selection from the available list, and clicks ‘OK’. The colour of the gene in the window
changes to reflect the new category. GenBank rRNA and tRNA features and CDS ‘/pseudo’ fea-
tures are automatically assigned an appropriate category when the files are converted.

Yire: s Infs pmpsrisan Infa Ediet Categery
Capr T4 lafe Ldil Culegery, EneE; l traf (pubatdve t:m:l-rrl.p-t:wn-ﬂpl' - -.-.nn-l-lg
. =ryncce. [
Catepery: | Trasd crgtion 8 | ¥
W i
[ Camcal [ ok —
=D ﬁ

Assigning Colour Categories

In some cases COG categories areincluded in the

.ptt file for a genome that is found with the .gbk ﬁﬁ:: f:::’.:.'.fﬂ...--... . k
file on the GenBank FTP site. In other cases one | tien Frajec il
can assemble afile oneself from dataonthe COG | | i i
website. Import Daia Annoiationd...

Toload the COG categoriesfroma.pttfile | ..
into your BugView genome datafile, first load that
file and then select ‘Load COGs from .ptt File...” from the ‘Load COGs' sub-menu in the File
menu. If you collect the data yourself, prepare atext file in the following tab-separated format:
CGeneNane COGNo COCCat egorylLetter
and load it by selecting ‘ Load COGsfrom text File...” from the sub-menu. When next you save the
genome, the information will be written to the data file.

| Load C0Ga from Baxt Pl

ilparrhan Fali... &% -

10



6. Finding and Searching for Genes

The ‘Find’ and ‘Search’ facilities in BugView [l Wew fui isgram Sesimgs Siisiosbaip

R Dpen Geanme fds ¥ [T
alow oneto look for genes correspondingtoa | p e o P
particular text string or item category. IN*FiNd’ | consert senpank e w0 | 0 T sers
the dialogue box is dispelled and ONe gOES iM- | smpert matn mmeamtimm., | P immmies |0
mediately to the found gene. In *Search’ one | e - RETECEE T TR
obtainsalist of ‘hits’ which match the criteria, | e rmeis
and oneisthen able to select from the list. The | imimau st rems .
‘Find’ and * Search’ options can all be accessed S ——l=
through pull-down or pop-up menus. esckl SRR o

A related facility for obtaining a list of
Comparison Pairsis described in section 8.

Find and Find Again

1. All the genesloaded into BugView can be searched by name |5 _— B
using the Find button, the ‘Find’ iteminthe Filemenuor in || yeus:
a context-sensitive menu, or its keyboard equivalent (com-
mand-F or control-F for Mac or Windows, respectively) .
This brings up a dialogue box into which a query term is
entered and a gene characteristic (name, 1D or product) se-
lected. The first gene found with the description of the se-
lected characteristic containing the query is highlighted and, if possible, centred in the window.
‘Find’ is not case-sensitive and does not require a compl ete word.

2. ‘Find Again’ from the File menu, or more conveniently its keyboard equivalent (command-G/
control-G), alows one to move successively through all the genes found by the query.

Search
1 Tr_\e dialogue box for ‘S_e_arch’ issimilar to tr_lat for 5 — 5
‘Find’, but has an additional text area to display Temt: [t |
the results of the search.
. . purc: privt ve prEmter i by imi raimidecd s -3 =
2. One may select aresult of interest with the cursor parF: pebtine hasoeur et yTapap e
or step through the list using the ‘ down arrow’ key. barH Bk essghpt-sma TarwsAiraned
The selected gene will, if possible, be moved to =
2 Ell:lr? centrec?: thg V(\;I ndow. . Al Find by
. The ‘Search’ window remains open to allow one (iose | ey
to return to the found list if one wishes. (Tip: If [
you click within the window the found gene will
become de-selected. To prevent this, click within
the control panel.) 5 e reyer— 55
Search by Category | e e e f—_ -
L. . . chranah: Ch rermeornal i pilisfEr preles
Thisissimilar to ‘ Search’, but presents a drop-down drai ek o U o trsrens
list of gene categories for one to choose from. There b DM polymaternce 10, bengchaen CEC £7.7.7)
is no control panel button for this option — it must
be accessed from the menus. Catagary: [B9A rapiication aic. 3
[Eiose | (ioas| o
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7. Loading and Creating Comparison Files

To compare genomes, a‘ Comparison File' is needed specifying which genes in the two genomes
are related, together with percentage identity scores. The file format is described in Appendix I.

Loading Comparison Files

1. Only one Comparison file may be loaded into BugView at any time, and Comparison files may
only be loaded if the genomes to which they refer are already |oaded.

2. Comparison files, which should have the file extension ‘.gcf’, are loaded by selecting ‘Open
Comparison File' in the File menu.

[ ) | Al e e | | [ e T T |

m“i_ Fila k| ! *“-U |:|np.

ik el | L y,ml_l
Codeesrt Ganlaad Fllo... =0 - ¥ih et

Cemarpw| Coanparsion File_ o l
3. The type of display isillustrated. The order in which the .. | m! uo
genomes are displayed in the window is that specified in ey EE:;
the comparison file, and they may rearrange after loading HU ﬂ}_ﬂ,
the latter. Where a comparison pair has been assigned to ™[ sryoois [] 1 | e
genes it is represented by a grey strip between the genes. 158 et [] "
(The labels of the second genome are automatically .ol "

reoriented to the right to accommodate these strips.)

Converting Comparison Files from pre-1.2 Format

A changein theformat of comparison fileswasintroduced in BugView 1.2 . To convert pre-1.2files,
load the corresponding data files and then select * Convert Comparison File' from the File menu.
Removing Comparison Files

Comparison files can be completely removed from BugView without quitting using ‘Unload File’
from the File menu, as for genome files. They are also automatically removed if either genome to
which they refer isremoved.

Creating a Comparison File from within BugView

The most practical way to create Comparison filesfor large genomesis externally, using standalone
Blast (see below). However there may be circumstances where the user

wishes to create a new Comparison file from within BugView. e fuiome P g
pen Comparioss File.., &E

1. Select ‘New Comparison File...” from the File menu. Open Project bl
Conuei GenBank Fise_ ®1

2. If there are two Datafiles (and no Comparison file) present, astand- | inuart comparisss file..

ard dialogue for saving the Comparison file will appear. e

3. The Comparison file contains no information other than the genomes
to which it refers. To populate it the user assigns gene pairs. (Before
version 1.3.3 the comparison file had to be loaded after creation. Thisis no longer necessary.)

Creating a Comparison File with Blast

NCBI’s standalone Blast may be used to compare the proteins on one genome with those in an-
other. Thiscan berun so asto provideaComparison filefor loading into BugMiew. A web GridBLAST
facility can al'so be used for this purpose. Details are given in Appendices |1 and 111.
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8. Viewing and Editing Comparison Pairs

Selecting Comparison Pairs

Comparison pairs, like genes, are selected by single-clicking on  [strestecoseus pogsnes | [ Lastosssous izstis |
the strip joining them, when they become highlighted in pink. wan ] v

The names of the genesin the selected pair appear in the display - g Baw

box. Comparison pairs are al'so highlighted if either of the genes ok I-I'"“

that they join is selected, which is useful when the comparison teaf H

strip is at an oblique angle, making it difficult to select directly. —

Because of the density of genes when the display is
zoomed out, and the fact that overlapping labels are suppressed, it may be difficult to identify the
component genes of a comparison pair. To help overcome this problem, the labels of genes in
comparison pairs have agrey background by default. Their |abel s appear to move outwards, aswell
as changing colour to pink, when the comparison pair is selected.

Changing the Width of the Comparison Strip

The user can specify awidth for the comparison strip of between
40 and 160 pixels. (The default is 80 pixels.) A larger value can Comparises Sirip
make oblique comparison stripseasier to view and select. Changes | st sr somparisss sirip:
are made in a dialogue box obtained by selecting * Comparison
Strip Width' from the Settings menu.

Viewing Information about Comparison Pairs

When a Comparison strip (or one of its constituent genes) T
is selected, the ‘ View Comparison Information’ option be- s TiRurizas T Lot ii ariis b iciris
come availablein the buttons of the control panel or on the '
context-sensitive pop-up menus. (Double-clicking the pair
has the same effect.)

» Thedefault view isof theinformation about the com-

parison pair. Currently thisismerely their namesand - 5
parent genomes. = e =]

* The ‘Locd’ button runs a Smith—-Waterman local P ]
pairwise alignment onthe protein productsof thetwo || Foe. =i srsr 2t inms, s e o
genes. Thisissimilar to the program ‘BestFit’ inthe || == === S
GCG package, and only displaysthose regionswith || s mom s
asimilarity above a certain cut-off value. M meraamaa e e s

« The*‘Global’ button runsaNeedleman-Wunschglo- || [ s e
bal pairwise alignment on the protein products of the D] e (i)

two genes. This is similar to the program ‘Gap’ in (o [ ]
the GCG package, and produces an alignment of the

whole of the two gene-products. e mm:. p—
« ‘Save’ and ‘Print’ will bring up standard dialogues | == aE S BT
for saving or printing whatever isinthe dial OgUEtEXt || s s crmmmrsrers sz
area T
The total number of comparison pairs and the proportion || ms sl e miam
of genes assigned to comparison pairscan befound by se-  |EE==————— il
lecting * Genome & Pair Summaries from the View menu. P
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Adding a New Comparison Pair

Comparison pairs can be created between any two genesin the genomes specified in the compari-
son file, and any geneis allowed as many ‘mates’ as one wishes.
1. Withanindividual unpaired gene selected, click the’Add ... I
Pair’ button in the * Edit Pair’ group on the control panel. a0 Add Pair
(Alternatively, a contextual pop-up menu provides this ) ! Selected Gane 1D Related Gene D

option.) A dialogue box will appear with fields for the e I—I
IDs of the two genes. Theleft-hand field containsthe ID .. H
of the selected gene, and cannot be edited. In theright- == 1.
hand field you enter the ID of the gene ‘mate’ to be as- mﬂ ol =
signed from the comparison genome (this can be copied ==
from ‘Gene Info’).
2. Alternatively perform a single pairwise alignment between the genes of interest (p. 17), and use
the option to create a pair from the results. The IDs are then entered in the dialogue box for you.
3. Onclicking *OK’, the comparison strip appearsimmediately to reflect the new comparison pair.
(Changes must be saved manually unless ‘Autosave’ has been selected in ‘ Settings'.)

I-H'-:-
7 ani¥

Deleting a Comparison Pair

1. With either the comparison pair selected or one of its constituent genes, click the * Delete Pair’
buttoninthe*Edit Pair’ group on the control panel. (Alternatively, acontextual pop-up menu will
provide this option.)

2. If astrip is selected or agene with only asingle ‘mate’, adia & Delete Fair B
logue box will appear asking you to confirm the deletion. If a ||[15e71%s : 15674256 159%8 B
gene with more than one ‘mate’ is selected, the dialogue will  [[f' o s e REsRiEEt

ask you to select the pair that you wish to delete. (The indica =
tion of percentage identity may be helpful here.)

3. Make aselection, if necessary, and click * OK’. The comparison
strip will be removed. (Changes made are not automatically (Eomert) (55, ] =
saved to disc unless ‘Autosave’ has been selected in * Settings'.)

Sl a pair Tar deletion aid ¢lick ‘0K

Updating the Alignment Values for a Comparison Pair

When anew Comparison Pair is created, local and global alignments are run automatically (section
10), and, on saving, the values are included in the Comparison file. This is necessary to alow
selective display of pairs on the basis of their similarity (section 9). When an externally edited file
(e.g. from Blast) isfirst loaded, the comparison pairswill normally be set at identity values of 0%.
The percentage identities for all comparison pairs in afile can be calculated (or recalculated) by
selecting ‘Update Pair Scores’ from the Pairs menu. This may take an hour or so for a .gcf file of
two bacterial genomes, so make sure you have a free machine. You should also turn off any time-
dependent screen-saver, asthiswill slow the run down. Proteins larger than the * Maximum Protein
Length’ (default 2000 amino ac-
ids) will be skipped. You can try
to align these individually in
BugView afterwards. Depending
on the speed of your machine, you
may wish to change this default
value using the ‘Comparison
Length Cut-off’ item in the Set-
tings menu (section 10). [croxe |[Interupt |[ Start |

Uipdate Comparisan Scores

Freas "Hari’ bs apsie scoren an ol compericsan peira

el Pair Display Hange.,, =R

Trawerse Pairs... =T

AT comparisans starting [=]
Trawerse Unl aired Hhﬂ!m

i. Liocal: B9 &%
i. Flabsl: 59 6=

e o
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9. Aids to Working with Comparison Pairs

There are two main problems in visualizing Comparison pairs — their density and the relative
alignment of partners. The following options are designed to alleviate these problems.
Setting a Comparison Pair Display Range

Itispossibleto set arestricted range for display of Comparison pairs. Thisallowsone, for example,
to focus on the most closely related pairs.

Pair Dixplay Aange
# Local O Global

Sal Fear Bsplal Range... &8 ;
lpdate Pair Stores—

Traua s Fasrs.. ET
Tl o P il il .

Minimum Identity for disploy: 50 | % estily
P identity for display: E = identity

[concer) o, J

1. From the Pairs menu select ‘ Set Pair Display Range'.

2. A dialogue box will appear. Choose either ‘Local’ or ‘ Global’, depending on the basis of cut-off
you require.

3. Enter aminimum and maximum value for display, and click ‘OK’.

Traversing Displayed Pairs

Even with the Pair Display Range set quite fine, it may be difficult to
locate pairs in genome of 2000 or more genes. The Pairs menu allows
access to a facility similar to *Search’ that lets one view alist of dis-
played pairsand ‘step’ through them.

1. From the Pairs menu select ‘ Traverse Pairs'.

il Fadr Buplay Range... K&
lUpdate Pair Sores—

Tk N il Sl

2. A dialogue box will appear. Click ‘Load’ to load al the |& Traverse Dizplayed Pairs B[]
displayed pairsinthetext area. Wait. After loading, thecon- || srauerse lessed puirs by chicking thraugs thes
stituent genes of the pairs are identified by their IDs. TR ETErEED =

3. Select with the mouse or ‘click-through’ the list using the SR Mt
‘down-arrow’ key. The behaviour is analogous to that of O M
the* Search’ function. |5671366) 15674553 =

Related to this, and under the same menu, isan option —

to traverse alist of unpaired genes.

Adjusting the Relative Alignment of Genomes

It is easiest to examinethe genomic regions
containing related genes if they are adja

cent. There are several ways of so position- m::ﬁ B rovez :EQ 2 o
ing them: ree 2; h:fﬂ g:::‘
» By dragging with the alt (option) key .‘Hi H by I .:m;i e
held down, fine adjustment of the ""H 2 o ws ] w7
right-hand genome can be performed = & i oy e o

interactively. (N.B. Thisfeature does
not allow overall realignment of genomes, asit causes one of the extremitiesto go off screen.)
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» To co-aligntwo genes exactly one can usethe‘ Co-align’ button or the * Co-align Pair’ itemin
a pop-up menu after selecting the comparison strip or one of its constituent genes. A confir-

mation dialogue will appear, after which the alignment will occur.

Align Fair ﬁ-l_* Farserl

.

- Ll
WPia g:_ﬂ ad I
Adt o Py T
e | pad 1]
ribeperesl PR, U7 - el
Fibararanl Fiis e - Sﬁ.:li;::l »
L -
ribayered BHa L ks e O
et L
Fibalaraul Fis A
Fride=l . [ TEEN]
- ]
P i e il
0021 = tEHA-il g

el
el

e rl
okl
el
el
st
i
il
(1]
pEidE

pide
pall2

» Alternatively one can select ‘ Co-align Genes' or ‘ Co-align Coordinates’ from theView menu,
and in the dialogue box that appears enter the appropriate information.

The genomes can be reset to their original alignment by the ‘ Revert’
button (and also from the View menu).

Mign Psr Ca-nligm Revurl *

Reversing the Relative Orientation of Genomes

Sometimes blocks of genesin related bacteria have undergoneinversion
during evolution. This makes it more difficult to examine them side by
side. In such circumstances the rel ative orientations of the genomes can
be reversed by selecting ‘ Reverse Directions from the View menu.

.-..-H-l =rlm ,_.H-| -||'rrﬂ
oo | e o | l__
mi H-nm. 'm;l ||

Turning off Gene Stagger
By default, overlapping genesaredisplayed ‘ staggered’ inranks

Amtings

Sl Ganomas (o Display_
Sl BEnDmE Display Raigd_

Co-aligh ERnis...
Co-align Coordinateg.

Heuail 10 UDalaiall Alngiim-in

Dispdey Dihir Fastun...
Aename Gandaime...
Genama & Pair Summanies

so that they can be distinguished from one another. However,
in certain circumstances this can make it less easy to see to
which genes aparticular comparison strip relates. If the genes
of interest have little or no overlap, the user may wish to turn

Cateqo

Inteinal

Comparisss Sarip Widih...

Dueriapping Gena §1
Compar s Lengih Cul-s11—

Colauring...

i

Campanises Fliter...

off staggering from the option in the Settings menu.

- N o - Duerlspping Gene Slagger
""““"LI SFDTE mu : 1 5 M
"“ﬂ l ! mn BT tegger Mo Slagger
B L -] erd® | WATEEE
um-|:| l l‘ll:l — %ingle Genome: - o
MQD | e g v Frired BERDmES; - Q
"“'U ""
I )=
Tl I-I |-| atl |-|
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10. Running Pairwise Alignments

A simple pairwise alignment facility for gene-products was built into BugView for several reasons.
It allows batch determination of the percentage identity of comparison pairs determined externally;
it allows one to search the whole of one genome for the best match to a gene from the other ge-
nome, albeit relatively slowly; and it allows direct comparison of the products of any two genes of
interest in the loaded genomes.

Although not directly related to comparison pairs, BugView also has facilities to search for
proteins similar to a particular protein within the same genome (Internal comparison), or to com-
pare an external protein with the product(s) of agene or genome being displayed (Custom compari-
son).

The second bank of buttons contains the pairwise comparison functions.

Pl e b Cawnpar e Almgle Eenai insarmal L s i

‘Single’ Pairwise Alignments

1. Select one of the genes to be compared and press  [E Lo Fainsive Caraurivas "
‘Singl€e’ in the ‘Pairwise Comparison’ group. In — P——
the dialogue box enter the ID of the gene to be bl )
compared. Thiscan beany genedisplayed, includ- || &eres "5 il e St feecous srsnas o2 o

Tarchol l"!'-a-ll L% 1'”21"IT 2

ing genes in the same genome as the first gene. e s
2. Onpressing‘ Start’, aSmith—-Watermanlocal align- || s nasssraumars
ment is performed and the ‘ score’ and acompari- ||| o

son displayed. ) '
3. The output may be saved to disc or printed. There ||zmr o
is also the option to create a pair from the genes. (_Start
s v | i | [Peni | [Eines )
‘Batch’ Pairwise Alignments Fuiliphs Farune Comparioan

Lo bk . e TS5 wilh s ol giasss L _Biranl

1. Select thequery geneand press‘Batch’ inthe‘ Pair-

ma lie EPSGEAIL JEEATIANT

wise Comparison’ group. i-.:::.".” ﬂ;h"ﬁ at yud sapsrian:
2. Onpressing‘ Start’, aSmith-Waterman local align- || 7 e e far pops deesesy

ment is performed agal nst the prOtein prOdUCt of hik?w:sn:;-mI:;II-'-:.TrIHIIr::-J.-I:H‘I'IT'lI.I-"

each geneinthe other genome specifiedinthecom- || =rmmmsmms mrmsmimnan-wmn

parison file, with details of the best three matches || [ "

presented. AT k
3. Onehasthe option of choosing one of the matches i

to create a pair with the query sequence. sl o MR

[k P | _3wm | [Patnt [ Erose |
‘Internal’ Pairwise Alignments Find iriniei
Camperisn o g | 56TIFRE willh ol r gassas o guamme BE_DOEEET

1. Select the query gene and press ‘Internal’ iNthe | e e .
‘Pairwise Comparison’ group. P LA TG LS TEMRAEY LS £ SN 3
2. Onpressing‘ Start’ aSmith-Waterman local align- || oo
ment is performed against the protein product of || rarwsmms
each geneinthe same genome. (Thistypeof align- || = """
ment can be performed with a single genome [ = sit s wd mbns of stiis o sl .
loaded.) . : .
3. The number of sequences displayed in the reslts e ",___ |
isdecided on adifferent basisfrom the other Batch
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alignments — a chosen number above a particular cut-off score is used, with the default being
the best three alignments with a score above 100. This allows, for example, more results to be
displayed when there is a large number of related genes. The display can be altered from the
default by selecting ‘ Internal Comparison Filter’ from the Settings menu.

Aeiiings Imternsl Comparison Filter
AL SEwE
LB el B Bl ... Cut-odf veore:
Compairses 48rip Widih...
Cafegory Colouring... b o resuls bo showe (3 0
Ouerlapping Bene 5egper_
Compaiisss Lengih Cul-#ri—
Infernal Compaiises Filter... -,
‘Custom’ Pairwise Alignments
1. Press‘ Custom’ in the * Pairwise Comparison’ ST e
& Copspors Bors MELLET

group. If you have a gene selected, you will
be offered the option of aligning thisto acus-
tom sequence, otherwise you select one of the
[t ALaNLLRr LemL Py allLTH Setsh, ool
genomes from the pull-down menu. At TR fmes SR LIS RS
2. Paste* your protein sequenceintothewindow. | |~ R
(Thereisno need to edit out spaces and num-
bers — they will be removed automatically.)
3. On pressing ‘ Start’, a Smith—Waterman local |
alignment is performed between the external O & v

1 Cerapare §oemyme W 1BE B DER 180T AU T

FeEH FIEHIE A HEE B (SR G E

sequence and the local sequence or sequences, [cowae | interapt | Siart ]
with the results displayed as for single and [tees ] [_Friva ][ Cieae |

batch alignments, above.

Alignments and Protein Length

Even on modern machinesit is possible to run into memory problems aligning very long proteins,
especially in comparisons to proteins with which they have poor homology. This can cause the
unsatisfactory situation that abatch comparison or identity update will fail. For thisreason BugView
has been programmed to skip alignments where one partner is longer than a particular maximum,
the default being 2000 amino acids. The user isinformed which proteins or pairs have been skipped
and can either try them individually at a different cut-off value or on afaster machine.

The dialogue box for changing the default cut-off length is accessed from the * Comparison
Length Cut-off’ item in the Settings Menu.

rpwimum Frotein Lengih

Sul fhe max imam protzin lesglh for sligemeni rmma

Apllings
[T

Lotk il Balel ...
Comparises $8rip Widih...
Categary Colouring...
Ouarlapping Gene Sl
Comparsss Langih Cul-r_
Infeinal Comparisss Fillar...

= i i

| Befewiert || Cancel || 0K |

*Java 1.4 on Mac OS X has a bug that prevents one pasting sequences into this window. Users of Mac OS X 10.4 can
circumvent thishby installing Java 1.5 (adownload on Appl€ swebsite). A future version of BugView will provide afile-
load alternative for users of earlier versions of Mac OS X.

18



11. Alternative Genome Views

In BugView one works in the main window, which shows genomes in vertical orientation. There
are, however, dternative viewsavailable, which, although not all owing accessto the general BugMView
feature set, may aid orientation. These are al accessed from the *Diagram’ menu. It is generally
possible to move directly from a particular region in one of these alternative views (diagrams) to
the corresponding region in the main window.

Matrix Genome Comparison

Lokl Cuslam Sel...

Wiig Lisbiim S&1...
Cireale Cusbom Sai. .

Circular Diagram
Lomicar Diagram [
Chircwiar Genome Compan s

Maliix Ganams Damgsriaon -

The Matrix Comparison Diagram is a simple dot-plot of the compari-
son pairs of two genomes. It should be emphasized that this matrix is
based on the user’s pre-assigned comparison pairs— it is not based on
any programmatic whole-genome comparison within BugView.

Thisview allow the user to locate regions of similarity between
two genomes, and is especially valuable where the order of genesin
the genomes have diverged somewhat. One can select an area of interest and then click the ‘ Trans-
fer’ button to move to the corresponding region (zoomed) in the main window. (The ‘Cancel’
option allows a selection to be discarded.)

One can draw guidelines on the plot to mark one’s position as one works through agenome
— select the horizontal or vertical guideline tool and click where you wish the line to be. The
position of aguideline can be changed by dragging the square handle, and aline can be removed by
option (alt) clicking the handle (cursor should change from cross-hair to arrow first). One can al'so
make simple editable textual annotations after selecting the text tool.

= eAglind L iriiTrE Lmpaitai OE

1=
L] A
selection tool /j/‘/

Frosrwus DCEF E0H v Fmysers CUEPF 305

sy

| TreméEr || Cwwei :I ‘ -
1

horizontal line
vertical line s By raeFs |E1im b
e (o i
text tool / 12 dm
Tilis £
identity display e B ! Il
cut-off M,
|! P LT |-|.'I'II'..".| |
[ - ] \"\-\.\1
| |E|. r _‘_\1

T T T
e e LT

[ Eam ][ Potwt [ arm i G | w55 ]

handle for moving or deleting a line (with tool selected)

Circular Genome Diagrams

The Circular Genome Diagrams present the familiar
circular views of bacterial chromosomes, and were
originaly introduced for publication and slides. They
now have some additional features that may help ori-
entation. There is achoice between creating acircular
diagram of asingle genome, or acircular diagram com-
paring two or three genomes.

I Biyr B
Load Cusbom Sei...
o bk Duslom Sel... ]

Creale Dustom Sel...

S.pnieumoniae TIGRE

ipyogenes GRS

Linear Diagram 3
Cartilar Gename Companaon
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The Circular Diagram option alowsthe
position of user-selected genetypesto bevisu-
alized in relation to the genome, and also al-
lows display of GC statistics if the sequence
has been |oaded.

The Circular Genome Comparison al-
lowstwo or three genomesto be viewed side-
by-side in a circular presentation. The user
can select whether to view al the genes or
just genes of a particular type.

The default categories of gene that can
be selected are those described in section 5.
Thereisaso afacility for usersto create Cus-
tom Sets of genesto use during asession, and
the option to save them to file for import and
usein asubsequent session. The colouring of
Custom Setsis determined dynamically. The
Custom Sets only apply to the Diagram win-
dows, not to the main program window.

Load Cusbes def...

LB Leiiom il
Cartular Diagram
Linmar Diagram

Cereular Genome Compar s

k

If oneclickson apoint withintheinner
circleinthesingle-genome Circular Diagram

one is transferred to the corresponding region in the main window. If one has made the transfer
because one is interested in the GC-bias, one can display this feature in the main window (see

below).

Linear Genome Diagram

Liovead Carsfnam &ed,.,

ibwibe Casiom Sei...

Cormale Cusiem ...

The Linear Diagram has options quite simi-
lar to those for circular diagrams, but does
not display GC statistics. Its main potential
istovisualizethe genomeasawholeat higher
resolution than in the main window or in the

circular diagrams. The names of the genes appear above them on ‘ mouse-over’, and if oneclickson

r
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O Creale Custom §ai _H
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agene of interest the main window comes to the fore with that gene zoomed to the centre.
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Viewing Additional Genomic Features in the Main Window

sentation of the genes and their names, together with the relationship between
genesin genomes, wherethis has been determined. As GC-biasvalues are avail- .
ableinthe Circular Diagram, it wasfelt that there should bean optionto display ~ t==ic ﬁ
these in the main window too, and this was implemented in version 1.3.

The default presentation of genomesin the main window is restricted to repre- e E

The GC-bias display can be switched on via a dialogue box invoked vl
from ‘ Display Other Features’ in the View menu. At the moment GC-biasisthe ~ ==& -
sole additional feature that can be displayed, although others may be added in l

future versions of BugView, should there be a demand.

Sl Ganomes 0o Display Edditinnal Fraiures

el Benomi Display Asngs

Co-aligh BEnEs...
Co-align Doordinates.

Heiiail 1d Ua1&iul1 Hlngiimeil
A Dired ligns

LU

GC hiax: & O

Printing and Saving Graphic Views of Genomes

Any view of the genomes or their comparison can be printed or saved
to disc in Gif or PostScript format. In the main window these options
areinthe File menu, in the other graphic displaysthe optionsarein the
buttons below the display.

‘Print’ presentsthe user with astandard print dialogue box. The
graphical area, only, is printed from the alternative genomic views, but
the print-out from the main window is of the whole application, includ-
ing the controls.

‘Save as Gif’ presents the user with a standard * Save’ dialogue
box. Thegif file produced contains only the map areawithout the names
of the genomes. Graphics in the Gif format are bitmap images, espe-
cially suited for the web (although of unsatisfactory resolution for print
work unless manipulated by a specialist).

‘SaveasPostScript’ (‘ SaveasPS') presentsthe user with astand-
ard‘ Save' dialogue box. Inthe main window the file produced contains
only the map area without the names of the genomes. PostScript is a
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vector graphic format, which can be resized and edited for print publication using either specialist
Unix PostScript tools or aMac or PC vector graphics application such asAdobe Illustrator. Unfor-
tunately the PostScript implementation in BugView is not very sophisticated, so that the output

from some views may be less than ideal.

21



Appendix I: File Formats

Genome files and GenBank format

As bacterial genomic data is placed in the public domain in GenBank format, BugView had to be
able to read GenBank files. This posed a problem as the GenBank format is flexible enough that
information about genes may be presented differently by different authors. BugView parses Gen-
Bank files in what appears to be a standard format for bacterial genomes. Although BugView has
been shown to parse GenBank files for over 50 bacterial genomes and several eukaryotic chromo-
somes, an understanding of the parsing is useful.

The minimum requirement for holding information on genomes and genesisthat they each
have a unigue identifier (ID) and the extents of their associated sequences are specified. They also
need names of some sort, but these need not be unique for the genes. The only other type of useful
information about the genes that can easily be gleaned from the GenBank filesis their products.

1. The genome information and its source in the GenBank file are as follows (see also illustration):

ID: the GenBank A ccession Number (RefSeq) read from the ACCESSION line.
Extent: read from the ‘ source’ line following the FEATURES line. (The No. of bp on

theLocuslineisused asabackupincaseof a‘join’ set onthe*source’ line.)
Name: read from the ‘/organism’ qualifier on the following line.

The sequence:  read from the line following the ORIGIN line to the terminating ‘//’.

LOCUS NC_003098 2038615 bp DNA circular BCT 03-OCT-2001
DEFI NI TI ON  Streptococcus pneunpni ae R6 conpl et e genone.
ACCESSI ON  NC_003098

VERSI ON NC _003098.1 d:15902044
KEYWORDS
SOURCE St rept ococcus pneunoni ae R6.

ORGANI SM St rept ococcus pneunoni ae R6
Bacteria; Firmcutes; Bacillus/C ostridiumgroup; Lactobacillales;
St rept ococcaceae; Streptococcus.
REFERENCE 1 (bases 1 to 2038615)
AUTHORS Hoskins,J. A., Alborn,W Jr., Arnold,J., Blaszczak,L., Burgett,S.,
DeHoff,B. S., EstremS., Fritz,L., Fu,D.-J., Fuller, W, Ceringer,C.,
Glmur,R, dass,J.S., Khoja,H, Kraft,A , LaGace, R,
LeBl anc,D.J., Lee,L.N., Lefkowitz,E. J., Lu,J., Matsushim,P.,
McAhren, S., McHenney, M, MLeaster,K , Mindy,C., N cas,T.I.,
Norris,F.H, O Gara,M, Peery, R, Robertson, G T., Rockey,P.,
Sun,P.-M, Wnkler, ME., Yang, Y., Young-Bellido, M, Zhao, G,
Zook, C., Baltz, R H, Jaskunas, S.R chard., Rosteck,P.R Jr.,
Skatrud, P.L. and d ass,J.|.
TI TLE CGenone of the bacterium Streptococcus pneunoni ae strain R6
JOURNAL J. Bacteriol. 183 (19), 5709-5717 (2001)
VEDLI NE = 21429245
PUBVED 11544234
REFERENCE 2 (bases 1 to 2038615)
AUTHORS NCBI M crobi al Genomes Annotation Project.
TI TLE Di rect Subm ssion
JOURNAL Submitted (02-CCT-2001) National Center for Biotechnol ogy
Informati on, N H Bethesda, MD 20894, USA
COMVENT PROVI SI ONAL REFSEQ This record has not yet been subject to final
NCBI review. The reference sequence was derived from AEOC07317.
COWPLETENESS: full |ength.

FEATURES Location/ Qualifiers
source 1..2038615
/ or gani sn¥" St r ept ococcus pneunoni ae R6"
/ strai n="R6"

/db_xref="taxon: 171101"
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2. The gene information and its source in the GenBank file are as follows (see aso illustration).
Reading isdonein the order indicated and starts on recognition of ageneby thelineflags‘ CDS/,

“tRNA’

or ‘rRNA’, which also act as terminators.

Co-ordinates:  read from any line starting with ‘CDS’, ‘tRNA’ or ‘rRNA’. ‘Joins are han-

dled to produce the correct trandation, and introns are represented graphi-
cally. Greater- or less-than characters are ignored.

Name: read from any ‘/gene’ qualifier on the next line or computer-generated.
ID: read from any ‘/db_xref="Gl:..." qualifier or computer-generated.
Product: read from any ‘/product’ qualifier or set asthe RNA nameor set at “”.
PID: read from any ‘/protein_id' qualifier.
Code: read from any ‘/trand_table=" qualifier.
gene 2722..2916

/ gene="spr 0003"
cDS 2722..2916

gene

/ gene="spr 0003"

/ codon_start=1

/transl _tabl e=11

/ product =" Hypot heti cal protein"

/ protein_id="NP_357597. 1"

[ db_xref="d:15902047"

/transl ati on=" MYQVGNFVENKKPHACT| KSTGKKANRWEI TRVGADI KI KCSNC
EHVWMVGRYDFERKM\KI | D"

3000. . 4115

/ gene="spr 0004"

These are the only fields used from the GenBank qualifiers (except for any ‘/pseudo’ associated
with a CDS feature). Note that from version 1.2 the unique ID isthe Gl (Genelnfo Identifier).

3. BugView reads the following additional fields that the user may define:
Category: read from any ‘/category’ qualifier.

Best

BlastP hit: read from any ‘/bestBlastP’ qualifier.

Comments: read from any ‘/comments’ qualifier.
Experimental: read from any ‘/experimental’ qualifier.
Thuswhen the .gbk file has been converted to a.gdafileit will be simplified to the type of format

shown below:
ACCESSION  NC_003098

FEATURES
sour

CDS

CDS

Location/Qualifiers

ce 1..2038615
/ organi sn¥"S. pneunoni ae R6"
4382..4951
/ gene="SP0005"
/ protein_id="NP_344558. 1"
/ product ="pepti dyl -t RNA hydr ol ase"
/db_xref="G3 :15899954"
/ cat egory="Not yet assigned"
4952. . 8461

The .seq fileisin the format:

SEQUENCE
ORIG N
1
61

2038501
2038561
Il

NC_003098

tt gaaagaaa aacaattttg gaatcgtata ttagaatttg cacaagaaag actgactcga
tccatgtatg atttctatgc tattcaagct gaacttatca aggtagagga aaatgttgcc

tggat aaagt ttggtaacat tgtggattat ttttcacagc ttgtggaaaa ttcttgctat
ctatggtaaa atatctctag tattaaactt ttaaatagta aaggaggaga aagga
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Comparison file format

Thisisasimple format containing:

A first linein the form: HOMOLOG genomel D1|genomel D2

Any number of subsequent lines in the form genel D1|genel D2|local score|global score
where thelocal and global scores are according to Smith & Waterman, and Needleman & Wunsch,
respectively.

HOMOLOG NC_003098| NC_003028

15902045] 15899950 0. 9977925| 0. 9977925
15902046] 15899951| 0. 994709| 0. 994709
15902047| 15899952| 0. 984375| 0. 76829267
15902048] 15899953 0. 99730456 0. 99730456
15902049| 15899954| 0. 98941797| 0. 98941797
15902050] 15899955| 0. 9948674| 0. 9948674

Note that from version 1.2 of BugView the genel Ds (1590245 etc.) are the GenBank Gl numbers.
Older comparison files need to be converted to the new format (section 7).

Project file format

Thisisasimple format containing five separate lines:
Filename of datafile from Genome 1
Filename of sequence file from Genome 1
Filename of datafile from Genome 2
Filename of sequence file from Genome 2
Filename of comparison file for two genomes

eg.

NC_003098. gda
NC_003098. seq
NC_003028. gda
NC_003028. seq
NC_003098- NC_003028. gcf

How BugView reads .ptt files
The header and first data line of atypical .ptt file is shown below.

Lactococcus |l actis subsp. lactis, conplete genone - 0..2365589
2267 proteins
Location Strand Length PI D Gene Synonym Code COG Pr oduct

358..1725 + 455 15671983 dnaA L0274 L COX593 replica...

BugView parsesthe .ptt filesin the following way. It usesits PID (actually the GenBank Gl number
and not the field of the same name used in BugView for the GenBank ‘protein_id’) to identify the
particular protein, picks up the category code from the * Code’ field, and convertsthisto atext entry
for the ‘/category’ line. The ‘' COG’ field is also imported into BugView, and is incorporated into a
new ‘/db_xref="COG:’ line:

CDS 4382..4951
/ gene="SP0005"
/ protein_id="NP_344558. 1"
/ product =" peptidyl -t RNA hydrol ase"
/db_xref="G:15899954"
/ db_xr ef =" COG COX0193"
/ category="Transl ati on etc."
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Appendix Il: Creating Comparison Files from Standalone Blast

Obtaining Blast

Standalone Blast (including documentation) can be downloaded from:
ftp://ftp.nchi.nih.gov/Dblast/executabl es/

and installed on alocal Unix machine. This includes severa flavours of Blast (Blastall iswhat is
actually used here) and the formatdb program for creating databases. If you areinstalling it yourself,
follow the instructions in the ‘ Read M€’ for creating an .nchirc file to point to the Blast directory.

Obtaining Genome Protein Sequence Files

Genome sequencefilesareat ftp: //ftp. nchi. ni h. gov/ genones/ . There are about adozen filesfor
each genome, but the .faa fileis all that you need for a protein database. In this file you will find
trandations of all the genes (from the .gbk file) in FastA format. The only identifier that you can
rely on being on the description lineisthe‘gi’ number. Originally BugView used the ‘ref’ identifier,
but its omission from more recent GenBank .faa files provoked the format changein version 1.2.

>gi | 15902045| ref | NP_357595. 1| DNA bi osynthesis, initiation, binding pr...
MKEKQFWNRI LEFAQERLTRSMYDFYAI QAELI KVEENVATI FLPRSEMEMVWEKQLKDI | VWAGFEI YD
AElI TPHYI FTKPQDTTSSQVEEATNLTLYDYSPKLVSI PYSDTGLKEKYTFDNFI QGDGNVWAVSAALAV
SEDLALTYNPLFI YGGPGLGKTHLLNAI GNEI LKNI PNARVKYI PAESFI NDFLDHLRLGEMEKFKKTYR
SLDLLLI DDI QSLSCKKVATQEEFFNTFNAL HDKQKQ VLTSDRSPKHLEGLEERLVTRFSWGELTQTI TP
PDFETRI Al LQSKTEHLGYNFQSDTLEYLAGQFDSNVRDLEGAI NDI TLI ARVKKI KDI TI DI AAEAI RA
RKQDVSQWLVI Pl DKI QTEVANFYGVSI KEMKGSRRLONI VLARQVAMYL SREL TDNSL PKI GKEFGEKD
HTTVI HAHAKI KSL1 DQDDNLRLEI ESI KKKI K

>gi | 15902046| r ef | NP_357596. 1| DNA bi osynthesis; sliding clanmp subunit,...
M HFSI NKNLFLQALNI TKRAI SSKNAI PI LSTVKI DVTNEGVTLI GSNGQ SI ENFI SQKNEDAGLLI T
SLGSI LLEASFFI NVVSSLPDVTLDFKEI EQNQ VLTSGKSEI TLKGKDSEQYPRI QEI SASTPLI LETK

You need to transfer thisfile to adirectory in your Unix filespace where you do all the preparatory
work.

Creating Databases

Making sure that you are working in the directory with the .faafiles, you run aprogram to create a
database that Blast can use. The BugView website provides a ssmple script, blastdbprep, that will
prompt you for the parameters needed for thisif you wish. A typical session with it is shown:
bugs> bl ast dbprep

--- CREATE A DATABASE FOR BLASTING - - -

Enter the name of the input file (.faa): PneuTi gNC 003028.faa
Is this a Protein file? YN Y

When you see the prompt again, list thefilesin your directory (Is-I), and you should see that a set
of files of the following type has been created:

STWF----- 1 dpl 1n strep 191537 May 30 12:46 PneuTi gNC_003028. f aa. phr
STWF----- 1 dpl 1n strep 16812 May 30 12:46 PneuTi gNC_003028. f aa. pi n
STWF----- 1 dpl 1n strep 16752 May 30 12:46 PneuTi gNC_003028. f aa. pnd
STWF----- 1 dpl 1n strep 116 May 30 12: 46 PneuTi gNC _003028. f aa. pni
STWr----- 1 dpl 1n strep 185004 May 30 12: 46 PneuTi gNC_003028. f aa. psd
STWr----- 1 dpl 1n strep 4249 May 30 12: 46 PneuTi gNC_003028. f aa. psi
STWr----- 1 dpl 1n strep 595759 May 30 12:46 PneuTi gNC_003028. f aa. psq
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Running Blast with gcfprep

Having prepared databases for the two genes for which you wish to construct a .gcf file, you can
now blast them against each other. The BugView website provides a downloadable Perl script,
gcfprep, to automate this for you.*

bugs: > gcfprep
--- CREATE A BUGVI EW COWPARI SON FI LE (v.1.3.1) ---

Enter the Query Database FastA fil ename: PneuR6NC_003098. f aa
Enter the Accession Nunmber of the query genome: NC 003098

Enter the Target Database FastA filenane: |l actisNC 002662.faa
Enter the Accession Nunber of the target genone: NC 002662

Pl ease wait while the data are processed...

50 sequences processed

This ‘blasts each protein sequence in one genome against each in the other and records the pair
with the best score. It then ‘blasts' the genes in the second strand against the first, eliminates any
duplicates and adds more pairs to the list. (This is because the best match for A could be X, a-
though X could be more closely related to B, which in turn is actually more closely related to Y.
Without the second run the X—B match would be missed.) The resulting .gcf file (in the exampleit
would have the name NC_003098-NC_002662.gcf) should be transferred to your desktop machine
for using in BugView.

It should be emphasized that the .gcf file generated by gcfprep does not contain values for
percentage identities of the pairs. These are cal culated when thefileisfirst used in BugView (p. 14).

The gcfprep script seems to miss afew very short proteins. If there any of these alog file
(NC_003098-NC_002662.log in this case) will be created, listing them. You can then run an
individual batch comparison in BugView for each of these proteins that have been missed.

*This script was revised at the sametime asthe release of BugView 1.2 to identify proteins on the basis of ‘ gi’ nhumbers,
rather than ‘ref’ numbers, which GenBank stopped using in .faa files. It has been changed again for the release of
BugView 1.3.1 to use an e-value cut-off of 0.05 for Blast, rather than the default of 10. This eliminates alarge number
of spurious matches. For those who prefer to make their own decisions on the e-value cut-off, an alternative version of
gcfprep — gefprepkE — is available.
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Appendix lll: Creating Comparison Files from GRIDBIlast

For those users who are not in a position to set up standalone Blast, web accessto aBLAST grid
service has been provided by BRIDGES, a UK e-Science project. This alows usersto cross-blast
two bacterial genomes. The output must then be parsed to convert it to BugView format, and the
author has provided a desktop utility to do this.

Using GRIDBIlast

Before starting, ensure that you have available the GenBank .faa files for at least one of the ge-

nomes that you wish to compare.

1. Connect to http://cassini.nesc.gla.ac.uk:9081/wps/portal .

2. You are required to register before being able to use this Grid service. Thereisasmall link —
‘Sign up’ — at the top right of the page for doing this.

3. After registration you should click on ‘Log in’ at the extreme top right corner, when you will be
taken to the login page. There you should enter your User ID and Password in the appropriate
fields, and click onthe‘Log in’ button.

4. On the page that appears, click on the blue * Computational Resources' tab on the horizontal bar.

5. Next click on *GRIDBLAST Job Submission’, which will take you to the page where you can
run your Blast genome comparison.

6. Inthefirst two fields, respectively, enter ajob name and, if you prefer not to wait while your job
runs, your e-mail address for notification of completion.

7. Clear the contents of the third field and leave it empty. Instead of pasting the large genome .faa
file here, upload it from your filespace at the* Select input file' option using the * Browse' button.
You should make anote of the Ref Seq number of thisfile, and thefact that it will subsequently be
referred to asthe * Query’ genome.

8. Choose the second genome from the list on the pull-down menu. The names of the genomes,
rather than their Ref Seq numbers, are listed on the menu, so you will need to check to reconcile
theseyoursdlf, referring to the Genbank website if necessary. Make anote of this Ref Seq number
asthat of the ' Database’ genome.

9. None of the default values of the pull-down menusis appropriate. Carefully select the following:

Blast Program blastp
e-value 0.10r0.01
word size 3

generate alignments no

include gi numbers in output yes

output format txt

10. Click the button entitled * Submit Job’. It typically takes about ten minutes for a comparison of
genomes with 2000 genes to run, generating an output file of about 5 Mbin size.

Creating a Comparison file from the GRIDBIlast output

The relevant information from this output file is converted to a BugView Comparison file using a
small utility, BlastToOGCF (available from the BugView website). Launch this, choose ‘L oad Blast
File' from the File menu, and locate and load the GridBLAST output file. After a short delay you
should receive a message that the file has been read, with an invitation to view the list of protein
pairs that has been generated. If all appears satisfactory at this stage, choose ‘*Write gcf File' from
the file menu. You need to enter the Ref Seq numbers of the ‘Query’ and ‘ Database’ Genomes (as
above) and then save with a suitable name and .gcf extension. The resulting file will now typically
be only 50K in size.
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