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Chapter 1

amiraMol Intr oduction

amiraMol addspowerful modulesfor molecularvisualizationto the amira 3D visualizationsystem.
The packageeombinesamira's strongcapabilitiesfor 3D datavisualizationlik e hardwareaccelerated
volumerenderingwith speci c toolsfor molecularvisualizationanddataanalysis Molecularsurfaces,
molecularinterfacesor con guration densitycomputatiorareonly a few examples.amiraMol comes
with self-runningdemosandstep-by-steputorialsfor the mostcommonmolecularvisualizationtasks.

TheamiraMol documentatiotis organizednto thefollowing sections:

MoleculeTutorial, how to getstarted

DataObjects structureandinterdependencef the moleculardatastructures
Visualizationof Molecules variouswaysto displaya molecule

Aligning Molecules

Visualizationof MolecularTrajectoriesanimationsandcon gurationaldensities
Atom Expressions

If you arenotyetfamiliarwith amira, pleaseeadtheamira User's Guide rst, or gobackto it if you
nd ary generalbmira terminologythatyou arenot familiar with.

1.1 First Stepswith Molecular Visualization in amira

This chaptergives you an overview of the visualizationof moleculardatasets. amira is not just
ableto displaya 3D imageof the moleculebut alsoprovidestoolsto investigatdts distinctpartsand
properties After readingthe"getting started’introductionyou maycontinuewith ary of thefollowing
tutorials.

GettingStarted rst steps



SelectionLabeling,andMasking- exploringamolecule
Alignmentof Molecules- visualizingdynamicaldata
Molecularsurfaces wrappingamolecule
SequentiahndStructuralAlignment- comparingmolecules
MoleculeEditor- interactive manipulationof themolecule
Molecularinterface- computingintersectiorsurfaces
Measurement measuringlistancesandangleswithin amolecule

Note: If youwantto visualizeyourown data,pleaseeferto thesectionaboutdataimportin theamira
User's Guide. Thatsectioncontainssomegenerahintson how to import datasetsinto amira.

1.1.1 Getting Started with Molecular Visualization

In this sectionyouwill learnhow to

. loadamoleculardemodatasetinto amira,

. view themoleculewith the Molecule\tew displaymodule,
. try outvariouscolor schemes,

. selectatomsin the viewer usingthe draw tool,

. overwritecolor schemecolorsfor selectecatoms.

a b~ WwN PP

1.1.1.1 Loading Datainto the System

In thefollowing introductionwe will considera simpleexampleto explain the basicfunctionsof the
MoleculeMew module.Our examplewill be asmallPDB (ProteinDataBank) structureconsistingof
932atomsin 213residues.

Loadthe le 2RNT.pdb into the objectpool from thedirectorydata/molecules/pdb

A greenicon labeled2RNT.pdb will appeaiin the objectpool. The greenicon representsn object
of type Molecule Click onthegreendataicon with theleft mousebutton. In theworking areabelow
the objectpool informationaboutthe molecule,suchasthe numberof atomsetc.,will be shavn. In
addition,otherportsnamedTransformation SelectiorBrowser and Transform canbe seenthey will
be explainedin latertutorials.

1.1.1.2 Displaying the Molecule with the MoleculeView Module

The Molecule\ew moduleis the basicdisplay modulefor visualizing molecules. It allows you to
displayatomsasplatesor ballsandbondsaslinesor cylinders.

Click againonthegreendataiconin the objectpool, this time usingtheright mousebutton.

4 Chapterl: amiraMol Introduction



A menu,containingseveralentriesandsubmenusyill appear
SelecttheentryMolecule\ew.

A new yellow iconlabeledViolecule\ew appearsn theobjectpool. Yellow icons,in generalrepresent
display modules,i.e., modulesthat visualizeobjectsin the viewer. The blue line betweenthe icons
indicatesa connectiorbetweerthe objects.In this casethe MoleculeMew modulereadsdatafrom the
objectrepresentetly thegreeniconandvisualizest.

The moleculeis now displayedin the viewer asa wireframe. Using the left mousebutton you can
rotatethe object; usingthe left and middle mousebuttonssimultaneouslyou canzoomin andout.
For thesemouseoperationgo work, the viewer mustbe in viewing mode in which casethe mouse
cursoris displayedasahand.

Whenever the MoleculeMew moduleis active, thelittle squareon the yellow MoleculeView icon
is orange.You candeactvatethemoduleby clicking on the squarewith theleft mousebutton.

We will exploresomebasicportsof the MoleculeMew module.

Modeport: Chooseanothemodeto seebothatomsandbondsof themolecule or justatoms.If atoms
areshown, usethe AtomRadiusportto adjustthe sizeof theatomsasdesired.

Quality port: If youchooseheoptioncorrect youcandisplayacorrect,.e. three-dimensionalmage
of the balls and sticks. Considerthe trade-of betweencorrectrepresentatiomnd slower rendering
performancelUsethe fastmodeif youwantto displayalarge molecule.If your graphicshardwareis
fastenoughyou canusethe correctmodeevenfor large molecules.

Compleity port: In orderto allow interactive rendering the default complexity of the sceneis rather
low. In mostcaseghis will be sufcient. However, if you wantto make screershotsor if you have
smallmoleculesyou might wantto increasehe compleity. The Compleity portis displayedonly if
correctquality is selected.

1.1.1.3 Changingthe Color Scheme

The MoleculeMew moduleallows the userto color the moleculeaccordingto levels, for example,
atomlevel, residudevel, secondargtructurdevel, chainlevel, or userde nedlevels. Eachlevel hasa
numberof attributes,the simplestof which is the index attribute. The default color schemas to color
themoleculeaccordingo theatomlevel's attribute atomicnumber i.e., theatom's type.

Click the Legendbutton of the Color port to displaya smallwindow decodingthe colorsyou
seein theviewerwindow.

Chooseesiduegromthe rst pop-upmenuandtypefrom thesecondnenuto colorthemolecule
accordingo theresiduetype, herethe aminoacidtype.

Thedefault color mapcontainsa constantolor. Thus,currentlyall residuesf the moleculehave the
samecolor.

To changehecolormap,right-click onthecolorbarof the DiscreteCM portwhich hasappeared
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below the Color portandselectany othercolor map.
Try outdifferentcolor mapsto nd amapthatsuitsyour purposes.

Somepeoplepreferthe cpk color schemédor atomsandthe aminoacid colorsasthey areusedin the
Rasmobprogram.

You cansetyour preferencein the amiraEdit menuby selectingthe entry Prefeiences

PresgheMoleculegabandsetyourpreferencesPressinghe OK buttonsavesyour preferences
permanently

Currentlyonly aminoacid colorsareprede ned. Thus,if the moleculecontainsresiduesotherthan
the standarcaminoacids,thoseresiduewill be coloredwith the default color (black).
1.1.1.4 Usingthe Draw Tool

The draw tool appearsn amira in several modules. It enablesyou to selectobjectsor partsof an
objectby drawing aline in theviewer.

Presghe Draw buttonof the Highlighting portanddraw aline in theviewerwindow aroundthe
groupof atomsyou wantto select.

The atomsthat were enclosedby the line will be highlighted. If the viewer is the active window,
pressinghed key is equivalentto pressinghe Draw buttonof the Highlighting port.

To unhighlightall atoms pressthe Clear button of the Highlighting port.
Also try usingthekeys Ctrl andShift  while drawing aline.
1.1.1.5 Setting Colors for SelectedParts

TheDe ne Colors portallows you to overwrite colorsof the color scheme.

Selectsomeatomsusingthedraw tool.
Presghe Setbuttonof the De ne Color port.
Changehe currentcolor of the Color EditorandpressOK.

The previously highlightedatomsshouldnow have the color selectedn the color editor. This setting
will be preseredevenif the color schemes changed.Unfortunately the new settingwill currently
notappeaiin thecolorlegend.

1.1.2 Selection,Labeling, and Masking

You alreadyknow how to load les and how to display moleculeswith the Molecule\ew module.
This tutorial will focuson exploring the structureof aloadedmolecule.Thetutorial consistsof three
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subsectionsn which you will:

1. Explorethepossibilitiesfor selectingwithin a moleculeusingthe Molecule\ew module.
2. Learnhow to usethe MoleculeLabemodule.
3. Getto know the Molecule SelectionBrowser

For this tutorial we will usethemoleculellGM.pdb .

Loadthe le 1IGM.pdb into theobjectpool from thedirectorydata/molecules/pdb
Attacha MoleculeVlew moduleto the greenobjectthathasappeared,
andchangethe Modeportto balls andsticks

1.1.2.1 Interactive Selectionwith the MoleculeView Module

Inthe rst tutorialyoulearnedhow to usethedraw tool to selectatomswithin amolecule.Thesimplest
way to selectatoms,however, is to click on the atomof interest. In orderto do so, the viewer must
bein interactionmode. If the mousecursorin the viewing window is depictedasa hand,you arein
viewing mode.To changeo interactionmode,you caneither

click on the arrowv button in the upperright cornerof the viewing window or pressthe Esc
buttonwhile theviewing window is active.

Themousecursorwill changeo anarrow.
Now click oneof theatoms.

Theatomyou selectedshouldnow behighlightedby aredframearoundit. If you selectanotheratom,
the rst atomwill beunhighlighted.In orderto selectmorethanoneatom

pressheCtrl  key andkeepit pressedvhile clicking additionalatoms.
Ctrl -clicking a highlightedatoma secondime unhighlightsit.

Now changethe Modeport of the Molecule\ew backto sticks
Selectresiduedrom the rst menuof the Molecule\lew's Color port.
Choosea suitablecolormapfrom thelist of pre-loadedcolormapsasdescribedn the rst tuto-

rial.

Theresidueshouldnow becoloredaccordingo their type.

Now selectanatom.

Fir st Stepswith MolecularVisualizationin amira 7



As resultthe whole residueshouldnow be highlighted. The reasonfor this is that picking is bound
to the coloring, by default. For example,if the color schemes atoms a click on anatomwill only
in uence the selectionfor this atom; if the schemes residuesthe atom's residuewill be selected,;
if it is chaing the atom's chainwill be selectedandso on. However, sincethis is very restrictve
you caneasilychangehe selectionmodeto the mostcommonlevels,i.e., atoms residuessecondary
structuresand chains. In orderto choosea certainlevel for the selectionyou needto presscertain
keysin advance.Ctrl-a  choosegheatomslevel, aclick onanatomwill only in uencetheselection
for thisatom.Ctrl-r ,Ctrl-c  andCtrl-s  chooseesidueschainsandsecondarystructure level
respectiely. To switch backto the default behaiour, where coloring determinesselection,press
Ctrl-d

If you selectsomegroup and afterwardsselecta secondonefrom the samelevel holding down the
Shift  -key all groupsbetweenthe two will alsobe selected.Holding the Ctrl  -key pressedwvhile
selectinggroupsallows you to selectmultiple groupsandalsoto toggle a groupwhenselectingit a
secondime.

If youdo ary selectionby clicking in theviewer therewill be someoutputin the consolewindow in-
formingyouaboutwhatyou have selectedtheamountof outputcanbecustomizediia thePreferences
dialog:

You cansetyour preferencei the amiraEdit menuby selectinghe entry Prefelences
Presghe Moleculestabandtake alook on theoptionsin chapterSelectiorinfo:

Molecule name determineghatthe nameof the molecule,to which a selectecdgroupbelongs,
will beprinted.

Group namedetermineghatthe nameof the selectedyroupwill be printed.

Group attrib utesdetermineshatnotonly theselectedyroup'snamebut alsoall attributevalues
of thegroupwill beprintedin the consolewindow.

Explicit attrib utesrestrictsthe outputof attribute valuesto thoseattributesthat are explicitly
namedn thetext eld.

Pressinghe OK buttonsavesyour preferencepermanently

1.1.2.2 Usingthe MoleculeLabel Module

Sofaryou have seenthatyou canselectatomsandgroupsof atomsby clicking onthemolecule.The
resultof the picking is alwaysprintedin the consolewindow. This might sufce in somecases.In
othercaseshowever, it is necessaryo label the moleculein the viewer sothatyou caneasilytrack
certaingroupsyou areinterestedn. If youwantto usethistool, hereis how you doit.

Click againontheicon 11GM.pdbwith theright mousebutton.
SelectMoleculeLabefrom the Display submenu.

A secondyellow icon labeledMoleculeLabelshouldhave appearedn the objectpool. By default,
all clicks will now behandledby the MoleculeLabemodule. This meanghatinsteadof highlighting
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groupswhenclicking onthemthey will now getlabeled.

TypeCtrl-r  while theviewing window is active.
Click onthe moleculein the 3D viewer.

Thisactionshouldcauseheresidueof theselectechitomto getlabeled.PressingCtrl-a  andclicking
thesameatomwill resultin the selectechtombeinglabeled. TheCtrl- andShift-  keyshavethe
sameeffectaswhenselectinggroups.

Labelafew residuesandatoms.
Click onthe MoleculeLabelconto view its portsin theworking area.

Changehe color of theatomlabelsby pressinghe color button of the Color portandselecting
adifferentcolorin the color editor.

Now selectresiduesn the Levelsport. The Attributes Level Option, Buttons Font Size and
Color portsnow affecttheresidudabels.

Increasahefont size(which only increaseshefont sizeof thecurrentlevel, i.e., residues).
Selectthenameentryin the secondmenuof the Attributesport.

Theselectedesiduesvill now belabeledby theirtypesandnamesin orderto understandhe Options
port of the MoleculeLabemodule

deselecthelastoption, replaceattributes
andsettheentryof the secondAttributesmenubackto disabled
Now selecta new residueholdingtheCtrl-  key down.

Thenew residuewill only belabeledby its type. In contrasttheold residuesrestill labeledwith type
andname.

If the rst option of thelastport, handleclicks, is deselectednouseclicks will be handledjust asif
the moduleMoleculeLabebid not exist.

Deselecthe handleclicksoption.
Selectary residue.

Theresidues selectednot labeled.

1.1.2.3 Molecule SelectionBrowser

In thissectionyouwill learnthebasicsaboutthemoleculeselectiorbrowser whichis averyimportant
featurefor theinvestigationof a molecule.The selectionbrowseris a e xible tool for selectingthose
partsof the moleculethatyou areinterestedn. Moreover, it allows you to easilycombinedifferent
viewing modulesinto oneviewer.
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Figure 1.1 Left: MoleculeMew andBondAngleView displayingthe moleculesimultaneouslyRight: Selectionbrovserafter
connectingwo viewing modulesto themolecule.

Selectthegreenicon 11GM.pdbby clicking oniit.
Presghe Showbutton of the SelectiorBrowserportto openthe browser

Thescroll view of the browsercurrentlycontainghreecolumns,onewith theheadindevel/namethe
secondwith the headingtype andthethird with the headingMV which standsfor MoleculeVew. In
the rst column,all residuesof the moleculeare displayed. The secondcolumn shaws the residue
type.

Connecta BondAngleiéw to 11IGM.pdb by right-clicking the icon andchoosingBondAngle-
View from the Display submenu.

Youwill obsereanew columnin the selectionbrowset representinghe BondAngleiéw (BAV) (see
Figurel.2).

Changingthe Appearanceof MoleculeView and BondAngleView

In orderto getanimagesimilar to Figure1.2,we rst needto setthe portsin the MoleculeVew and
theBondAngleiéw modulescorrectly We begin with the Molecule\iew module.

SettheModeportto balls.
Setthe Quality portto correct
Setthe AtomRadiusportto 1.0.

For the BondAngleiéw continueasfollows:

Selecttheresiduesntryfrom the rst menuof the Color port.
Fromthesecondmenuof Color port, selecttheindex entry.
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Figure 1.2 Settingthe portsin theviewing modules.

Right-click onthe color barof the Discrete CM portandselectthe colormapphysics.icalif this
colormapis pre-loadedOtherwisdoadit from thedirectorydata/colormaps

We now only seethe MoleculeVew, sincethe trianglesof the BondAngleéw are hiddenby the van
der Waalsspheres.In orderto combinethe two viewing modulesinto oneimage,continuewith the
next section.

Highlighting and Masking with the SelectionBrowser
We now want to usethe selectionbrowserto display partsof the moleculewith the Molecule\ew
moduleandthe restwith the BondAngleiéw module. In this sectionwe will only usethe selection
browser soall menunamesetc. referto this window.

Selectchainsasnew mastellevel from the MasterLevel menu.
Youwill now seethreeentriesin the rst column: chains/L, chains/H andchains/W This meanghat
thelevel chainscontainsthreegroups,namedL, H, andW. In orderto view the groupchains/Lwith
the MoleculeVew andthe othertwo groupswith the BondAngleéw,

removethecheckmarksfor chains/Handchains/Wfrom the columnwith headingMV by click-
ing onthem.

To deselecthegroupchains/Lfor the BondAngleléw,
click ontherespectie boxin the columnBAV.
Now you shouldseeanimagethatis pretty closeto thatin Figure1.3. However, the BondAngleiéw

displaysmoretrianglesthanin the gure. The BondAngleléw in Figurel.3 only displaysbadkbone
atoms.In orderto achieve this

Fir st Stepswith MolecularVisualizationin amira 11



Figure 1.3 Usingthe SelectionDialog window.

right-click onthe headindabeledBAV.
A pop-upmenuasin Figurel.3shouldappear
SelectBadkbonefrom the Restrictto submenu.

The side-chairatomsshouldnot be visible anymore. Next, you shouldexplore the groupchains/La
bit further.

Click onthelittle iconleft to it.
After thisactiontheresiduesontainedn chainL will have appeared.

Click onthelittle iconleft to theresiduel1.

Typeatoms/L4-L33 in thetext eld labeledExpressionbelow the scrollwindow, andpress
the Replacebutton.

AtomsL4to L8 andresidued 2, L3, andL4 arehighlightedin red. Theresiduel. 1 andthechainL are
highlightedin green.The colorredmeanghatthewholegroupis selectedi.e., all its elementsGreen
denoteghatthegroupis partially selected.

To getfamiliar with the browser play aroundwith it. If you needfurtherinformation,just pressthe
F1 buttonin the browserwindow or seethe descriptionof the SelectionBrowser

1.1.3 Alignment of Molecules

In this sectionyouwill learnhow to
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. alignmoleculeshy consideringselectedatoms,
. computea meanmolecule

. computea con®gurationatlensity

. comparametastablenolecularconformations.

A wWN P

1.1.3.1 Comparing two Molecules

In this sectionwe will compargwo differentthree-dimensionadtructuref the samemolecule.

Loadthedatale alkane.zmf from thedirectorydata/molecules/alkane
SelectMolTrajectoryfrom the pop-upmenuof the alkanezmficon.
SelectMoleculefrom the pop-upmenuof the MolTrajectory icon.

Attacha MoleculeVfew moduleto the molecule.

Repeathelasttwo stepscreatingtwo new objects Molecule2andMolecule\Vew?2

The alkanezmficon represents bundle of moleculartrajectories,in this casebutane,pentane and
hexane.By attachingaMolTrajectorytoit, we extractasingletrajectory By default,the rst trajectory
which is butane,is selected.We cannow extract singletime stepsfrom the trajectoryby attachinga
Moleculeobjectto thetrajectory We have donethis twice sincewe wantto comparewo time steps
with eachother Currently both moleculesextract the sametime step. This is the reasonfor only
seeinga singlemolecule.In orderto getmoreinformationaboutthe datastructuresgo to the section
on moleculardatastructures

Selectthe Moleculeew icon andchangethe Modeport to balls and sticks andthe Quality port
to correct.

Repeathis actionfor the Molecule\ew?2.
Selectthe Molecule2icon andchangehe valueof the Time portto 2.

You shouldnow seetwo butanemoleculesn theviewer, slightly displaced.

Right-clickonthesmallrectangleatthefarleft sideof the Molecule2Zicon andselectAlignMas-
ter from the pop-upmenu.

Connectheblueline to the Moleculeicon.
Selectthe Molecule2icon.
Presgheall buttonof Molecule2s Selectport.

You have now alignedthe moleculedMoleculeandMolecule2usingaleastsquarestting of all atoms.
This only worksfor moleculeswith the samenumberof atoms.In thefollowing we will alignthetwo
moleculeshy consideringonly threecarbonatoms.

Deactivatethe Molecule\ew by clicking onthe orangesquareof the MoleculeVew icon.
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Ctrl -click onthreeconsecutie carbonatoms.
Theframeof ared cubeshouldappeamaroundeachof them.

Activatethe MoleculeVew by clicking on the gray squareon the Molecule\ew icon.
Selectthe Molecule2icon andpressthein slavebuttonof the Selectport.

The three selectedatomsshouldnow t betteronto the correspondingatomsof the objectlabeled
Molecule

1.1.3.2 Computing a Mean Molecule
In this sectionwe will computea meanmoleculeof a metastablenolecularconformationof butane.

RemaetheobjectsMoleculeandMolecule2
Selectthe MolTrajectoryicon.
Loadthedatale but cluster _3_1.idx fromthedirectorydata/molecules/alkane

but cluster3_1.idxis a subtrajectoryof MolTrajectory; i.e.,asubsebf all con gurationsin thetrajec-
tory.

Attachamoleculeto theicon but_cluster3_1.idx

Selectthe MeanMoleculeentry from the Computesubmenuof but_cluster3_1.idXs pop-up
menu.

Right-click with themouseonthelittle left-handrectangleof theMeanMoleculécon andselect
AlignMaster

Connecthe AlignMasterport to the Moleculeicon by attachingtheblueline to it.

Selectthe MeanMoleculdcon andpressthe all button of the Selectport of the MeanMolecule
module.

Presghe Dolt buttonto computethe meanmolecule.

Visualizethe meanmoleculebut_cluster 3_1.mearby attachinga MoleculeVew to it.
Connecthe AlignMasterport of the moduleMeanMoleculdo thebut_cluster3_1.mearicon.
PresgheDolt button of the MeanMoleculemoduletwo or threetimes.

You have now computeda meanmoleculeof the subtrajectorybut_cluster3_1.idx. The AlignMaster
is usedto align all time stepsbeforeaccumulatinghe atompositions. Changingthe AlignMasterto
the previously computedmeanmoleculeand repeatingthe computationof the meanmoleculewill
improveit. This procedureshouldcorverge.

A betterway to computea meanmoleculeis to usethe module PrecomputeAlignmenusing the
Multiple Alignmentoptionof theModeport. Thismodulecreateanobjectcontainingatransformation
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for eachstructurein the trajectory This objectcanthenget connectedo the PrecomputeAlignment
connectiormport of the MeanMoleculemodule.

1.1.3.3 Computing and Visualizing a Con guration Density

For the subsebf con gurationscontainedn the subtrajectonbut cluster3_1.idx, we will now com-
putea con®guratiordensityandvisualizeit with the Isosurficedisplaymodule.

Selecttheentry Con gurationDensityfrom the submenuComputeof but_cluster3_1.idX s pop-
up menu.

Connectthe AlignMasterport of the Con gurationDensityicon to the but_cluster3_1.mean
icon.

Selectthe Con gurationDensityicon.
Presgheall buttonof the Selectport.
PresgheField buttonof the Computeportto computethe density

Visualizethe createdscalar eld but_cluster3_1.scalarwith anisosurficeby rst selectingthe
Isosurfaceentryfrom the Display submenuwof theicon's pop-upmenu,

secondsettingthelsosurfacés Thresholdvalueto 50,
andthird, pressinghe Dolt buttonof the Actionport.
Try differentThresholdvalues.

1.1.3.4 Comparing Metastable Molecular Conformations

The setof con gurationsin the subtrajectorybut cluster3_1.idx belongsto a metastableconforma-
tion of butane.In this sectionwe will computethe densityof a secondmetastableonformationand
comparehetwo with eachother

Selectthe MolTrajectoryicon.
Loadthedatale but cluster _3_2.idx fromthedirectorydata/molecules/alkane

Computethe meanmoleculeof the subtrajectonybut_cluster 3_2.idx by repeatingthe stepsde-
scribedabovefor the subtrajectorybut_cluster3_1.idx

Visualizethe secondneanmoleculewith the Molecule\lew module.

Selectthreeconsecutie carbonatomsin the secondmeanmoleculeaswasdonein the rst
tutorial.

Attach the AlignMaster of the object but cluster3_2.meanto the rst mean molecule
but cluster3_1.mean

Selectthebut_cluster3_2.mearicon andpresshein slavebuttonof themeanmolecules Select
port.
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The two meanmoleculesshouldnow be alignedto eachother, i.e., the threeselectedcarbonatoms
shouldsuperimpose.

Computethe densityfor the secondsubtrajectoryusing the but_cluster 3_2.meanmoleculeas
AlignMaster.

Visualizethe computeddensitywith anlsosurfacemodule.

Double-clickon the colormapof the Isosurface2noduleand selecta differentcolor to better
distinguishthe two isosurficesfrom eachother

You shouldnow clearly seehow thetwo conformation®f butanediffer. For largermoleculest might
be interestingto color the isosurbice accordingto the atom's colors. This can be doneusing the
sameCon gurationDensitymodulesby selectingthe Color Field option of the Field port. Attachthe
computectolor eld to theColorFeld connectiorport of thelsosurfacemodule.

Noticethatyou canalsovisualizethe densitieswith the Voltex moduleof the Display submenu.

1.1.4 Molecular Surfaces

In sectionl.1.1of thistutorial you have seerhow to visualizemoleculeswith the Molecule\ew mod-
ule. Sectionl.1.2, on selectionJabelingand masking,shaved you how to useamira's facilities to
selectmask,andlabelcertainpartsof the molecule.In this tutorial we will

. computea molecularsurfacewith the CompMolSurbcemodule,
. computethe molecularsurfacefor arestrictedsetof atoms,
computepartialsurfaces,

. explorethe MolSurfaceView module,

. getto know thepicking facilities of the MolSurfaceVéw.

a s~ wN R

1.1.4.1 Compute Molecular Surfaces

In this sectionyou will learnhow to usethe CompMolSurfacenoduleto computemolecularsurfaces
with differentresolutions.Youwill alsobecomdamiliar with someof the modules basicports.

Loadthedatale 2RNT.pdb from thedirectorydata/molecules/pdb

Attachthe CompMolSurfacenoduleto thegreenicon by selectinghecorrespondingntryfrom
the Computesubmenwof 2RNT.pdb 's pop-upmenu.

Selectthe CompMolSurface icon.
Presghe Dolt button of the Actionport.
Attachthe MolSurfaceew moduleto the newly createdgreenicon, 2RNT-surf

You shouldnow seea gray solventexcludedsurfacewhichis still pretty coarseIf youwanta surface
with betterresolution,
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increasethe numberof pointsper A?.

PresgheDolt buttonagain.

Try differentresolutions.

Now selecttheno duplicatepointsoptionin the Optionsport.
Presghe Dolt button.

Dueto thelastaction,somesharpedgeswill have disappearedf therearenoduplicatepointsatsharp
edgesthe surfacenormalsof the adjacentriangleswill beinterpolatedthusleadingto a smoothing,
which in this casemight be undesired.However, this optionis importantif it is necessaryo have a
completelyclosedsurface.

Changehe Quality portto faster
Presghe Dolt button.

You shouldobsene that someatomsdisappear This is dueto the fact that now only one surface
componentwill be computed. If the molecularsurface consistsof only one componentthe whole
surfacewill be computed.Sincethe underlyingalgorithmdoesnot needto touchevery singleatom,
but approximatelyonly every secondatom,the algorithmis muchfaster If performancés anissue,
you might considerusingthis option.

1.1.4.2 Compute Partial Surfaces

In orderto computepartial surfaceswe needto selectthe atomsfor which we wantto computetheir
surfacecontribution.

Opentheselectiorbrowser If youdonotknow how to dothis, take alook atthe secondutorial
Typewithin(residues/HET105, 5) in thebrowser's Expressioncommandine.
Presgheselectiorbrowser's Replacebutton.

All atomswithin adistanceof 5 A of theHET105residuewill now beselected.

Resethe CompMolSurfaces Quality port backto correct
Selectpartial surfacefrom the Optionsport of CompMolSurface
PresgheDolt button.

Selectadjacentpatchesfrom the Optionsport of CompMolSurface
Presghe Dolt button.

Thelastactioncauseshe partialsurfaceto be expandedy thetoroidal patchesadjacento the partial
surface.
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1.1.4.3 Molecular Surfaceof a Restricted Setof Atoms

The molecule2RNTpdb containssomewater moleculeswhich arein mostcasesot desiredwhen
computingthemolecularsurface.In orderto excludethewatermoleculefrom the surfacecomputation

openthe selectiorbrowseragain.
In the selectiorbrowserscroll to theendof thelist of residues.
Click ononeof thestringsHOH in the typecolumn.

All residuef type HOH shouldnow behighlighted.

In the browser, right-click on the headingCMS which standsfor CompMolSurfacendselect
theentryRemoe

Deselecpartial surfacein the CompMolSurfacenodule.
PresgheDolt buttonof CompMolSurface

For the new surfaceonly thoseresidueghathave a checkmarkin the selectionbrowserwereconsid-
ered.You maycombinethis proceduravith the partial surfacecomputatiordescribedabove.

1.1.4.4 Exploring the MolSurfaceView

The MolSurface \lew moduleis alreadyattachedo themolecularsurface.A secondconnectiorexists
to themolecule2RNT.pdb , from which datais readto enhancehe visualization.

Computethewhole molecularsurfacewith aresolutionof 2 pointsper A?.

Click onthe MolSurfaceView iconto seeits userinterfacein theworking area.
Selectmoleculefor the Color Mode

Changethe Color port's rst menuentryto residues

Selectanappropriatecolor mapfor the Discrete CM port by right-clicking on the color bar.
Switch to interactionmodeby clicking on the arrow button in the upperright cornerof the
viewing window.

Click onthesurfacein theviewing window.

All trianglesbelongingto the picked triangle’s residuewill be highlighted. If the trianglebelongsto
two or eventhree(maximum)residuesall of thoseresidueswill behighlighted.

Clicking onthesurfacewith themiddle mousebuttondisplaysinformationabouttheatomyou clicked
on in the upperleft cornerof the viewing window aslong asyou keepthe mousebutton pressed If
youCtrl -click, theinformationwill remaindisplayedevenafterreleasinghe mousebuttonuntil the
next mouseclick onthesurface.

PresgheHighlighting port's Clear buttonto remove the selection.
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Changethe Pick Actionportto clipping.
Pick ary triangleof thesurface.

All trianglesfurther away from the picked trianglethanthe distancegiven by the SelectionDistance
portwill becutoff. All triangleswithin this distancewill remain,however, only if they areconnected
to the pickedtrianglewithout leaving the spherearoundthe picked point.

PresgheAll buttonof the Buffer portto displaythewhole surface.
Changehe Pick Action portto surface
Shift -click onthesurfacein theviewing window.

All clicks on the surfacewill now be handledasyou might be familiar with from the Surface\iew
module.

1.1.5 Sequentialand Structural Alignment

In this tutorial youwill becomefamiliar with the AlignSequenceand AlignMoleculesmodules.

TheAlignSequenceawol faciliatesthe comparisorof two sequencedt canbeappliedto bothproteins
andnucleicacidsexceptfor t-rnamoleculescontainingmodi ed bases.The AlignSequencesiodule
is nothighly advancedbut it mightsufce for somepurposes.

Having donethe sequentialkalignment,you can usethe correspondencproducedby the sequence
alignmentto do a structuralalignmentof the molecules.

Loadthe les 1IGM.pdb and2JEL.pdb from thedirectorydata/molecules/pdb/ and
connecta MoleculeVew to eachof them.

You shouldknow how to do this from the ®rst tutorial. For both Molecule\ews
selectresiduedrom the rst menuof the Color port.

A color map (Discrete CM) with constantcolor will appear To distinguishthe moleculeschoosea
differentcolorfor oneof them.In orderto do so

double-clickon the colorbar(the Color Dialog shouldappearand
changehe currentcolor by dragginganddroppingary of the customcolors.
Presghe OK button of the color editor.

1.1.5.1 SequenceéAlignment

We will now usethe AlignSequencesoduleto align the sequencesf thetwo molecules.n the next
sectionwe will usethe associatedminoacidpairsfor a structuralalignment.
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Right-click onthe 11GM.pdbicon andselectAlignSequencesom the Computesubmenu.
Right-click thelittle rectanglansidethe AlignSequenceson ontheleft side.

A pop-upmenudisplayingall connectiorportsopens.
SelectMoleculeBfrom it andconnecthe portto the 2JEL.pdbicon by clicking onit.

There shouldnow be two blue lines connectingthe AlignSequencegon with the 11IGM.pdb and
2JEL.pdhbicons,respectiely.

SelectthemoduleAlignSequencesy clicking onits iconin the objectpool.
Choosesemiglobafrom the secondnenuof the Align Typeport.
Presghe Align Sequencebutton.

If the alignmenthasbeensuccessfula window displayingseveral slightly differentalignmentswill
appear

Presghe AcceptAllbutton.

This actionresultsin the alignmentsbeingwritten to the moleculesasnew levels. In orderto check
this,

typellGM.pdb list in theamira consolewindow.

In additionto levelssuchasatoms bonds residuesetc. youwill alsoseelevelsnamedsemiGlobalSe-
gAlignlto semiGlobalSegAlign1@JEL.pdbhasthe samdevelswith anequalnumberof groups.

1.1.5.2 Align Moleculesby usingthe Mean DistanceCriteria

We cannow usethelevelssemiGlobalSegAlignfor a structuralalignment.In orderto do so,

right-click theicon 11GM.pdbandselectAlignMoleculesrom the Computesubmenu.

Right-click the little rectangleinside the AlignMoleculesicon on the left side, selectthe
MoleculeBentry, andconnecthe moduleto 2JEL.pdb

Selectthe AlignMoleculedcon to make it appeain theworking area.

Selectary of thelevelsnamedsemiGlobalSeqAlignin the AlignLevel port andpressthe Dolt
button.

If youwantto follow thealignmentprocess,
click the showalignmentoptionbeforepressinghe Dolt button.

Compareyour resultto theonlinedemo.
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1.1.6 Editing of molecules

An essentiatool for manipulatingthe amiraMol moleculardatastructureis the Molecule Editor. 1t
allows addingnew bondsor changingthe overall topology of the moleculeaswell as manipulating
Cartesiaror internalcoordinates.

For eachof thesetasks,thereis an examplein the following sectionto give you an easy“learn by
doing” introductionto theavailablefeatures Eachactionperformedvith theeditoraffectsall currently
selectecatoms.Thus,it is necessaryor you to befamiliar with the functionsof the SelectionBravser
beforehandseesectionl.1.2on selection)abeling,andmasking).

Load the le 1HVRm.pdb from the directory data/molecules/pdb/ and connecta
MoleculeVew moduleto it.

Selectthe balls andstidks representatiofor the Molecule\ew.

Thedatastructurdoadedis anenzymeof HIV in complex with theinhibitor XK263.

1.1.6.1 Invoking the Molecule Editor

To startthe editor

selectthe 1HVRm.pdb objectin the objectpool andactivatethe greenpencil button Ainits
userinterface.

Themoleculeeditorinterfaceis now visible. However, for thetaskswe wantto perform,we alsoneed
the selectiorbrowser whichis openedoy

pressinghe Showbutton of the SelectiorBrowserport of 1HVRm.pdb

1.1.6.2 Adding Bondsto a Part of a Molecule

Theinhibitor XK263 is currentlywithout bonds.To addbonds carry outthefollowing steps:

Opentheselectionbrowserandselecttheresiduewith thenamexK2 (it is attheendof thelist).

Switchto the Toolstabin the moleculeeditorandactivatebondlengthtable buttonin the mode
section.Then,presgheaddbuttonin theactionsection.

Adding bondsin thebondlengthtablemodewill createnew bondsin theselectedartof themolecule

by comparinghedistancedbetweertheatomswith atableof averagebondlengths.Theresultshould
now look like Figurel.4.

1.1.6.3 Splitting the Molecule

We now wantto split the moleculeinto inhibitor andprotein.
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Figure 1.4: Adding bondsto theligand
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If it is notcurrentlyselectedreselecthe XK2 residuein the selectiorbrowser
Presghe Split button on the Toolstab of the moleculeeditor.

Youwill noticethattheatomsof theinhibitor areno longerdisplayedby the MoleculeVew andthata
new object,1HVRm2.pdbhasappearedh theobjectpool. Thisobjectcontainghepreviously selected
atomsof theligand.

1.1.6.4 Adding another molecule

The proteinof the 1HVR entryis a proteasevhich usesup onewatermoleculeto split a polypeptide.
We now wantto addthewaterto the active site of the enzyme.

Loadthe le h2o.pdb from thedirectorydata/molecules/pdb
Goto themoleculeeditorandpressthe Addbutton.

In thewindow thathasopenedall othermoleculesn the objectpoolwill beshavn. Selectthe
h20.pdbmoleculeandpressOK.

Theatomsof the watermoleculehave now beencopiedto the 1HVRtut.pdlobject.

1.1.6.5 Moving Parts of the Molecule

To concentrateur view on the region of interestwe will reducethe molecularview to aminoacids
A25andB25betweernwhich thewatermoleculeshouldbeplaced.

Typer/name=?25 OR r/type=H20 into theselectionbrowserandpressthe Add button.

Now move your mouseon the MV heading pressthe right mousebutton, andactivatethe Re-
placeoption.

With only theresiduesA25 andB25 andthe watermoleculedisplayedall thatis left to dois to drag
thewatermoleculeto its correctlocation.

Selectthewatermoleculein the selectionbrowser(theresidueattheendof thelist).

Switchto the Transformtab of the moleculeeditor.

Show the positionof the transformdraggemy pressinghe 2| puttonin the Position sectionof
the Transformtah

Left-click on the draggerandhold the mousebutton down. You cannow translatethe dragger
in differentplanesdependingn the sideyou clicked on. Move thewatermoleculebetweerthe
two aminoacidsasshown in Figurel1.5.

To reorientatethe water molecule,click on the greenknobsof the dragger They allow the
draggetto rotatein differentplanes.
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Figure 1.5 Moving the watermoleculeto the desiredocation
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Repeathe stepsdescribedabore until you aresatis edwith theresult.

To applythe changeghatyou madeto the editedmoleculeyou have to pressthe apply buttonor end
the editingby usingthe ok button.

1.1.7 Molecular Interfaces

This tool is particularlyinterestingfor visualizing contactareashetweenpartsof a singlemolecule,
or betweerdifferentmoleculesg.g.,enzymesandtheir ligands. In this examplewe will considerthe
secondcase.

Pleasdoadthe le 2RNT.pdb from thedirectorydata/molecules/pdb

1.1.7.1 De ning groups

In this sectionwe will createa new level, calledinterface for the moleculeandde ne two groupsof
thelevel, substateandreceptor respectiely.

Selectthe2RNT.pdb iconin theobjectpool by clicking oniit.
Now click in the consolewindow to activateit, andpressthe TAB key.

Thenameof theselectedcon,2RNT.pdb , shouldappeain the consolewindow. If it doesnot,

pleasaype2RNT.pdb .
Onthesamdine, typedefine interface/substrate residues/HET105

Thefollowing text shouldnow bewrittenin the consolewindow
2RNT.pdb define interface/substrate residues/HET105

Presgshe ENTERKey.

You have now de ned the group substate in the level interface The group consistsof the residue
HET105.We will now de ne thegroupreceptor

Press the TAB key again, then type defregexp interface/receptor NOT
residues/HET105 AND NOT residues/type=HOH

With NOT residues/HET105  we excludethe substrateandwith NOT residues/type=HOH
we excludeall watermolecules.Thus,thereceptoris de ned asconsistingof all atomsnot belonging
to eitherthe substrateor any watermolecule.

If younow list all levelsby typing

2RNT.pdb list
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youwill seeaninterfacelevel containingtwo groups.
Type2RNT.pdb list interface

andall groupsof theinterfacelevel will be printedin the consolewindow.

1.1.7.2 Computing the Interface

We will now computetheinterfacebetweerthereceptorandthe substrateTheinterfacebetweerntwo
moleculess de ned asthe surfaceequidistanto bothmoleculesFor theapproximationwe compute,
this might not be exactly true for all pointson the surface. The moduleto computethe interfaceis
called CompMolinterfice

Now, to computetheinterface,

right-click theicon 2RNT.pdb andselectCompMolinterfacdrom the Computesubmenu.
SelecttheiconlabeledCompMolinterface  in theobjectpool.

Choosenterfacefrom the Levelsmenuof the CompMolinterfacenodule.

Presghe Dolt button.

Two objectsresultfrom this action,aninterfaceobjectof type MolSurface 2RNTFinterfacesurf, anda
distanceeld of type UniformScalarkeld3, 2RNTFdistancesurf

1.1.7.3 Visualizing the interface

Finally, wewill view thecomputednterfacein theviewing window with the MolSurface lew module.

Right-click onthe 2RNT-interface.surf iconandselectMolSurfaceVew.

Right-click onthe smallleft-mostrectangleonthe MolSurfaceew icon andconnecthe Color-
Field portwith thedistanceeld 2RNTdistanceeld.

Theuserinterfaceof the MolSurfaceew moduleshouldbevisible in the working area.

Choosehe eld optionfrom the Color Modeport, resultingin anew port, Colormap appearing
in theuserinterface.

Right-click onthe colormapbarandchooseary colormap.

Playaroundwith the coloring by changingthe colormaprange.Thefull rangeof valuescanbe
seenwhenyou selectthe 2RNTFdistanceeld, i.e, click onit.

Also, changethe Cutof distancein the CompMolinterfacanodule,e.g.,to 1.0, andthe Voxel
size e.g.,t0 0.5.

Seewhathappensvhenyou pressthe Dolt buttonof the CompMolinterfacanodule.
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Warning: If you choosea very small voxel size, the computationmight take very long. Also, there
might not beenoughmemoryto storesuchalargedistanceeld. Usually 1.00or 0.5aregoodvalues.

After having donethe stepsdescribedhbore, whatyou seeshouldbe similar to the Nucleasedemoon
thedemopages.Theinterfacehere however, hasbeengeneratedrom two separateles.

1.1.8 Measurement

In this tutorial you will learnhow to measuradistancesandanglesbetweeratomsin a molecule.For
this tutorialit is necessarfor youto have alreadydonethetutorial 1.1.1.

Load ary moleculefrom the directorydata/molecules/* andconnecta MoleculeVew to
it.

Selectthe MoleculeVew by clicking onits iconin the objectpool.
Selectballs andsticks ModeandfastQuality.
Next, right-click ontheMoleculeView icon,andselectMeasuemenfrom thepop-upmenu.

The userinterfaceof the Measurementiool shouldnow be visible in the working area. An Info port
tells you thatyou needto select2, 3, or 4 atoms.In orderto do so,switchto interactionmodeby

pressingthe ESCkey or by pressinghe arrow buttonin the upperright cornerof the viewing
window.

You cannow selectsingleatomsin the viewer by clicking on them. If you click on oneatom, the
previously selectecatomwill be deselectedBy usingthe Ctrl -key, you canselectmorethanone
atom.

Select2, 3, or 4 atomsandobsene whatis beingdisplayedn theuserinterfaceof the Measue-
mentmodule.

TheCtrl -key is alsousedto deselecatoms.

1.2 Molecular Data Structures

Severalmolecular le formatsincluding, for example,PDB, Tripos, and UniChem,canbe readand
written by amiraMol, other le formats, suchas CHARMM, canonly be read. The information
readfrom the data les will be storedin differenttypesof objects: Molecule MolTrajectory, and
MolTrajectoryBundle

Molecule. Singlemolecularcon gurationsarerepresentedsdataobjectsof type Molecule Thiskind
of objectcaneitherbe createdby loadinga le containinga singlemolecularstructureor by attaching
it to an objectof type MolTrajectory in which caseit will actasa projector extractingone of the
trajectorys'time steps',i.e.,asinglestructure.
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Figure 1.6: MoleculeView (left andmiddle)andBondAngle\few (right) displaythe moleculesimultaneously

Trajectory. The MolTrajectorydatastructurerepresents seriesof molecularcon gurationsof the
samemolecule.Againtwo casesrepossible.Eitherthetrajectoryis loadeddirectly froma le. Orit
canbeattachedo anobjectof type MolTrajectoryBundleextractingoneof thetrajectoriescontained
in thatbundle.

Bundle of trajectories. A trajectorybundlere ectsthecaseof a le containingmorethanonemolec-
ular trajectory If sucha le is loadedinto amira, an objectof type MolTrajectoryBundlewill be
created A singletrajectorycanbeaccessetly attachinga Mol Trajectoryobject.

1.2.1 Internal Structure of Molecules

An objectof datatype Moleculecontainanformationaboutthe structureof amoleculeandthe atomic
coordinateof oneof its con gurations. The mandatorypart of structuralinformationconcernshe
numberandtypesof all atomscontainedn the molecule.All thetopologicalinformationis organized
in levels which are cliquesof groups. Eachgroup containsother groupsor atoms. The simplest
exampleis the level bonds which consistsof groupsof two atoms.

Somelevelscanbuild hierarchiesFor example a residueconsistof a numberof atoms,andacouple
of residuesnayform a secondangtructure. Theselevelsandgroupscanbede ned by le readersor
interactvely via Tcl commands

1.3 Displaying Molecules

Moleculescan be visualizedwith the MoleculeMlew, BondAngleView, SecStructurelw, or Tube-
View modules.A sampleoutputof the rst two modulesis shavn in Figurel.6.

In addition,therearetwo modulesfor generatingnolecularsurfaces. The CompMolSurbcemodule
enablesyou to generatethe solventaccessible solventexcluded and van der Waals surfacesof a
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molecule.The CompMolinterbcemodulecanbeusedto generaténtra- andintermoleculainterfaces,
suchasbetweersingleatomsor residuespr betweertwo moleculesrespectiely.

1.3.1 Coloring Molecules

Theatom-orientednodulesMoleculeMew, BondAngle\View, Con®gurationDensityand MolSurface-
View allow acoloringonaperatombasisj.e.,eachatomis assigneaecolor. Ballsin theMolecule\lew
will have thecorrespondingolors. Stickswill be split into halvescoloredaccordingto their attached
atoms.In the BondAngleiéw, atomcolorsareassignedo the verticesandcolor is interpolatedover
thetriangles.

To determinghecoloringyoucanchoosealevel, e.g.,atomsresiduessecondargtructuresor chains.
Furthermoreyou canchooseoneof thelevel's attributes. The coloringwill thenbedoneaccordingto
thegroup'sattributessuchthatall atomsof the samegroupwill have the samecolor.

Color

A moleculemay be coloredaccordingto variousschemesFor example,eachatomof a speci ¢ type
may have the samecolor. Anotherpossibility is to give all atomsbelongingto a certaingroupthe
samecolor. The rst menuof the Color portspeci esthegrouplevel, e.g.,atoms residuessecondary
structuresor chains. The secondmenuallows you to decidewhich attribute of the speci ed level
shouldbeconsideredo color its groups.

If you pressthe Legend button, a separatevindow will be openedwhich displaysa legendof the
coloring,i.e. atableassociatingolorswith attributevaluesaccordingo thecurrentcoloring. Clicking
onthetext to theright of acolorwill selectall atomswith this color.

ContinuousCM

This colormapis usedto mapvaluesof oat attributesto colors. For optimal mapping.the colormap
rangemustbe setcorrectly By default, the rangeis setto the minimum and maximumvaluesthat
occurusingthe chosercolor schemeif thebuttonin front of the rst text eld displaysa capital“L”.
The “L” meansthat the colormapusesa local rangewhich allows you to modify the rangewithout
affectingtherangeof thesamecolormapusedin othermodules By pressinghebuttonyou cantoggle
betweerlocal andglobal range.

The default colormaphasa constantcolor over the wholerange. By leaving it constantyou give all
atomsthe samecolor, which may be usefulif you wantto comparedifferentmolecules. For more
information,seethe sectionon colormaps

Discrete CM

This colormapis usedto mapvaluesof discreteattributes lik e integersandstrings,to colors.
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De ne Color

Thisportcanbeusedto overwritethestandaratolorsof the selectectolor schemeWith the All button
you canseta new color for all atoms. The Clear button unsetsthe userde nedcolorsfor all atoms.
The SetandUnsetbuttonsoperateon the setof highlightedatoms. Thesebuttonscanbe usedto set
andunsetthe colorsof thoseatoms respectiely.

1.3.2 Selectingand Filtering atoms

Varioustasksrequirethe selectionof atomsin a molecule. The mostprominentarethe alignmentof
moleculesandthe selectve displayof moleculeparts. amira offerstwo selectionmethods.You can
selectatomsvisually via ary of the viewing modules. Alternatively, selectioncan be donevia the
molecules selectiorbrowser which canbe openecby pressinghe Shav button of themolecule.

1.3.2.1 Selectionof Atoms with a Viewing Module

The selectionof atomswith a viewing modulecanbe donein two ways. The rst way is by clicking
oncertaindisplayedpartsof themolecule.In generalthiswill highlighttheselectegarts.By default,
the numberof atomsthatwill be affectedby a click depend®n the selectedgrouplevel of the color
port For example,if the atomsin the viewing moduleare coloredaccordingto the residuedevel,
all atomsbelongingto the sameresidueas the picked atomwill get selected. However, sincethis
is very restrictve, you caneasilychangethe selectionmodeto the mostcommonlevels,i.e., atoms,
residues secondanystructuresand chains. In orderto choosea certainlevel for the selectionyou
needto presscertainkeys in adwance. Ctrl-a  chooseghe atomslevel, a click on an atom will
only in uence the selectionfor this atom. Ctrl-r , Ctrl-c ~ andCtrl-s  chooseresidueschains
andsecondarystructue levels, respectiely. To switch backto the default behaiour, wherecoloring
determineselection pressCtrl-d

If you pick anotheipart,thepreviously highlightedatomswill beunhighlightedandthenewly selected
atomsarehighlighted. Ctrl  -clicking a part of the moleculeleavesthe existing selectionstateof all
atomsunchangedxceptfor the newly selectecatoms.If the selectecatomshadbeenselectecefore,
they will getdeselectedptherwisethey will get selected.On the one hand,this allows you to add
atomsto the selectionon the otherhandit alsoallows you to deselecatoms.

If you selectsomegroupandafterwardsselecta secondone from the samelevel holding down the
Shift -key all groupsbetweenthe two will alsobe selected.The Shift -key canalsobe usedin
conjunctionwith theCtrl  -key.

If you do ary selectionby clicking in the viewer therewill be someoutputin the consolewindow
informing you aboutwhatyou have selectedthe amountof outputcanbe customizedsia the Prefer
encedialog,whichis openedy choosinghe Prefeencesntryfrom the Edit menu.Thepreferences
concerningamiraMol arefoundon the Moleculestah
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Highlighting

The secondwvay to selectpartsof the moleculeis by usingthefunctionality of the Highlighting port.

If you pressheBoxbutton,themoleculesboundingboxwill bedisplayed All atomscontained
in theboxwill behighlighted.Youcanchangehesizeof theboxin interactionrmodeby clicking
onthehighlightedhandlequsuallyin alight green)of the box. Keepthe mousebutton pressed
anddragin the desireddirection. Notice thatthe box will not exceedthe molecules bounding
box. You canalsomove the box within the boundingbox by clicking on oneof thebox's sides.
Pressingheboxbuttona secondime hidesthe box.

After pressingthe Draw button, you candraw a line in the viewer window which selectsall
atomsthatareinsidetheline. PressingheCtrl -key while drawing invertsthe selection.With
the Shift -key you canremove atomsfrom the selection.

The Clear-key deselectall atomsandhidesthebox f it is visible.

1.3.2.2 Filtering atoms

Filtering atomsgives us the ability to hide partsof the moleculefor a certainmodule. All viewing
modulesandsomecomputationamodules suchasthe CompMolSurcemodule,containa lter that
keepdgrackof all atomsof a moleculewhich arecurrentlyin use Thetermin usemeanghatthe mod-
ulewill only seethein useatomsandregardall otheratomsasnon-e&isting. Thus,a viewing module
will only displaythein useatoms,andthe computationamoduleCompMolSurfacevill computethe
molecularsurfaceignoringthenotin useatoms.Each lter will registeritself atthe molecules selec-
tion browser sothatyou caneasilydeterminethe in useatomsof a module. For moreinformation
abouthow to do this, seethe descriptionof the selectionbrowser

In mostmodulesthe lter' s Buffer portwill bevisible, which addsto the corvenience The function-
ality of the Buffer portis describedelow.

Buffer

PressingAdd will appendhe selectecatomsto the in useatoms. The Remaee buttonwill deletethe
selectedatomsfrom the in uselist. Replacewill rst clearthein uselist andthenaddthe selected
atomsto it. Finally, the All andClear buttonsareshortcutgo deleteor addall atomsfrom or to thein

uselist, respectiely.

DisplayingMolecules 31



1.4 Aligning Molecules

To comparehe structuref severalmoleculest is necessaryo bring theminto a suitablegeometric
arrangementelative to eachother becauseheir absolutepositionsin the commoncoordinatesystem
aregenerallymeaninglessBy arrangingthe moleculesn variousdifferentways,you caninvestigate
variousaspects.

1.4.1 Alignment of Trajectories

amiraMol offers a reusablecomponentor the alignmentof molecules. It appearsn several mod-
ules,e.g.,Molecule Con®gurationDensitgnd MeanMolecule Here,we will give anoverview of the
availablefunctionality.

Two connectiorportsaresupplied:

AlignMaster [optional]
To computeanalignmentrelativeto areferencanolecule this portmustbeconnectedo thereference.

PrecomputedAlignment [optional]
This port canbe connectedo analignmentprecomputedby usingthe modulePrecomputeAlignment

The controlof thealignmentis donevia threeports,asdescribedelow:

Transformation

This portallows you to specifyhow the moleculeshouldbe aligned.The possibleoptionsare:

none: Atom coordinatesreleft asthey are.

center of gravity: Themoleculeis positionedo the coordinatecenter(centerof gravity) by applying
atranslation.

align to master: This mode requiresa mastermoleculeto be connectedo the AlignMaster port
which is usedasa referenceto which other molecules the slaves are aligned. We consider
correspondencdsetweenatomsfrom the referencanolecule,i.e. master andatomsfrom the
moleculeto be aligned,i.e. slave The alignmentis doneby minimizing the sumof squared
distancedbetweeranll correspondingtoms.

precomputed: This option is only enabledif the PrecomputedAlignmentonnectionport is con-
nectedo analignmentobjectthathasbeenpreviously computedIf precomputeds chosenthe
transformatiorwill betakendirectly from this object.
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external: This optionindicatesthatthe molecules globaltransformhasbeenexplicitly set,e.g.,via
the Tcl commandsetTansformor by usingthe TransformEditor.

Select

This port becomesmportantif align to masteris selectedlt givescontrol overtheatomsin the slave
andthe masterthat are usedfor the alignment. In the generalcasemasterand slave moleculesare
different,i.e. theirnumberof atomsdiffer, andanalignmentrequiresanexplicit speci cationof pairs
of atoms. This canbe doneby highlighting atomsin both moleculesvia the MoleculeMew module
andthenpressinghein bothbutton. Dependingon whetherthe optionmenuis setto Setor Add, the
highlightedatomswill eitherreplaceanexisting list of selectecatomsor otherwisewill be appended
to it. Thematchingbetweeratomsin thetwo moleculeds de ned by their orderof selection.

Thebuttonsall, in slave andin masteroffer shortcutdor thefrequentcaseof slave andmastethaving

the samenumberof atomsincluding the assumptiorthattheir orderde nes a naturalmatching.The
easiestvay is to useall atomsby pressingall. Selectionof a subsetcanbe doneby highlightingin

eithertheslave or themastemandthenpressingn slave orin masterwhichwill usetheselectecdaitoms
in therespectie moleculefor the othermolecule too.

Selection

If align to masteris selectedthis port displaysthe existing stateof selectionthatis usedto compute
thealignment.Possiblformsare:

empty: No atomsareselectedAt leastthreearenecessarjor analignment.
all atoms: Masterandslave have the samenumberof atomsandall areusedfor thealignment.

0,5, 6: A list of indicesimplies that masterand slave have the samenumberof atomsandidentical
subsethave beenselected.

0! 7,5! 6,6! 5: Alist of index pairs(masterindex! slave index) indicatesa matchingresulting
from individual selectionsn masterandslave.

1.4.2 Mean DistanceAlignment

Apart from the above mentionedalignmentprocedurethereexists a modulethatallows you to align
two moleculeshy usingthe meandistancecriterioninsteadof the meansquaeddistance SeeAlign-
Moleculesfor moreinformation.
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1.4.3 Sequencalignment

amiraMol allows you to align the sequencesf two molecules. Threealgorithmsare available for
usedependingon the kind of dataand your needs:local, semi-global,and global alignment. The
algorithmswork bothfor proteinsandribonucleicacids,whereas-RNA moleculesarecurrentlynot
supportechecausehey containmodi ed bases.This modulecanbe very helpful whenusedin con-
junctionwith the AlignMoleculesmodule.

1.5 Visualizing Molecular Trajectories and Metastable Confor-
mations

A MolTrajectorycanbevisualizedvia animationof singletime stepsby attachinga Moleculemodule
to the MolTrajectory and then attachinga Molecule\lew or BondAngleiéw to the Molecule The
animationis controlledvia the Molecule’s Timeport.

For MolTrajectoriesthat representnetastableconformationsthe modulesMeanMolecule Precom-
puteAlignmentand Con®gurationDensitganbe used.The MeanMoleculemodulealignsall stepsof
atrajectoryandcomputesa meanmoleculeby averagingevery atomiccoordinateover all time steps.
Insteadof computingthe meanmoleculeto areferenceaswith the MeanMoleculemodule,the Pre-

computeAlignmemhoduleallowsyouto nd theoptimaltransformatiorof eachtime stepto minimize

the overall sumof squareddistancesWith the RankTimeStepmoduleyou cansearchin atrajectory
for adesiredime step,usingdifferentcriteria, suchasthermsdvalueto a givenreference.

The Con gurationDensitymodulegivesanimpressiomnof the fuzzinessof the conformationby com-
puting a probability densityfor the positionsof atomsandbondswithin a moleculartrajectory This
densitycanthenbevisualizedwith the Isosurfceand Voltex modules.

1.6 Atom Expressions

1.6.1 Overview

Atomexpressionsarea querylanguagdo nd andselectatomsof certainpropertiesn the molecule
for further action. The mostimportantapplicationof atomexpressionsn amira is the highlighting
sectionof the SelectionBBrowser.

In amira, amolecules separateéhto groupsof differentlevels. Eachgroupcontainsasetof attributes.
(Moredetailsof thisconceptanbefoundin thedescriptiorof the Attribute Editor). Atom expressions
areasimpleform of arelationalquerylanguagewvhich accessetheseattributes.

Thesimplestform of anatomexpressioris anatomspeci er. Thisis aliteral de ning a level, oneof
its attributes,anda conditionfor this attribute. For example,atoms/atomic  _number=8 de nesall
atomswhoseatomicnumberattributeequals8 (i.e., all oxygens).
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Such atom speci ers can be combinedwith logical operatorsike ANDQ ORand NOT For exam-
ple, atoms/atomic _number=8 AND NOT atoms/charge=0  will selectall chagedoxygen
atoms.

Thereareadditionaloperatordike WITHIN, BONDERndGROURvhich apply certainconditionsto
coordinate®r bondstructure. Theseareexplainedin sectionon operators.

1.6.2 Grammar

All possiblesyntaxesof atomexpressionsareshownn in the following grammar The differentliterals
andoperatorsarefurtherexplainedin thefollowing sections.

atomExpr! (‘atomExpr)

j NOT atomExpr

j atomExprAND atomExpr

j atomEXprOR atomExpr

j WITHIN (atomExpr oat)

j BONDED (atomExpr(,int])

j GROUP (groupFRarts)

iCs

j atomSpeci er
atomSpeci er! hierName/[attrName=]ID
groupFRarts! grouphart

j groupRart,groupRrts
groupFart! groupSpeci er

j groupSpeci erfbondOrderSymbolChagroupSpeci er
groupSpeci er! ['] elementSymbaihdex

1.6.3 Literals

As mentionedn the overview, the simplestform of anatomexpressionis anatomspeci er. An atom
speci er consistof threeliterals: hierName the optionalattrName andID.

hierName standdor a nameof a hierarchylevel (e.g.,residues ). Thefollowing abbreviationscan
be usedfor themostcommonlevels:
a=atomsr=residueshb=bondss=secondangtructure c=chains

attrName is optionalandspeci esthe nameof an attribute (e.g.,temperature, occupancy,
type, ... ) ofthegivenlevel. If it is omitted,theID is assumedo specifythe attribute nameor
index as shawvn by the list command. If an attribute nameis given, the ID is assumedo standfor
valuesof theattribute.

To seewhich hierarchylevels andrespectie attributesarede ned for a given molecule,take a look
atthe Color portwhich is usedin severalmodules.Theright pull-down menuwill shawv all available
attributesfor thelevel chosenn theleft pull-down menu.
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ID speci esanidenti er of a memberof the given hierarchyandattribute. It canbe the name/ind&
of thegroup(e.g.,L112 for residuel12on chainlL) or thetype (e.g.,ASP for all aspartateesidues).
Wildcardssuchas* and? may be used,or ranges(e.g.,L112-L115) may be given. For the atom
level thereis a specialcaseto be considered Moleculesin amira usuallycontainan atomicnumber
attribute insteadof an elementsymbol attribute. To selectatomsvia their elementsymbolyou can
simply type a/element Thusthe atomspeci er for all oxygenatomsa/O is equialentto the atom
speci er a/atomicnumber=8

Insteadof the'=" comparisoryou canalsousethe comparisoroperators;', '¢', '¢.=" and'ij=". Note
howeverthatthey areonly availablefor index, integerand oat attributes,notfor stringattributes.

Anotheratom expressionform involving several literals is the groupRarts expressionwhich is used
with the GROURperator Operatorswill beexplainedin the next section.

1.6.4 Operators

Logical Operators
SeveralatomSpeci ercombinationscanbe usedin oneexpressionby linking themlogically via the
operatoriAND OR andNOT(&, j, and!). Prioritiescanbe speci ed usingusualparentheseg and) .

WITHIN(atomExpr,float)
Thisoperatoiselectall atomswhicharenearethan oat A to ary of theatomsspeci edby atomExpr

BONDED (atomExpr[,int])

With this operator all atomsthatarerecursvely connectedo arny atomsspeci ed by atomExprwill
be chosen. You can optionally specify an integer value de ning the maximalbondsteps. If thisis
omitted,therewill benolimit.

Cs
CSspeci esall currentlyselectedhighlighted)atoms.

GROUP(groupParts)

The GROUPoperatoris a powerful tool to nd functional groupsby searchingfor a certainatom
andbondpatternin the moleculargraph.To de ne agraphasa searchpattern(groupRarts), you must
divideit into linearpiecesf sequentiahtoms(agroupRart). Eachatommustbede ned by its element
symbolandanindex which distinguishest from otheratomswith the samesymbolbut otherindices
(groupSpeci e). Thus,C1C2C3would be a groupRart consistingof threedifferentgroupSpeci es
representing chainof threecarbons.This grouppartcannow be combinedwith anothergrouppart
by usingone of its groupSpeci es as branchpoint (e.g., C201H1for a hydroxyl group branching
from the secondcarbonof the chain). At the beginning of eachgroup speci er, therecanbe an
optional’!'. If it is given,the groupSpeci eris only usedfor matching,but the correspondingtoms
will not be selected.(Thus!C101H1 would nd the hydroxyl groupswithout selectingthe anking
carbon,which mustbe given, however, to avoid selectingstructuressuchasOH groupsin H20). If
theatomSpeci erin questionappearseveraltimes(to de ne branchpoints),it is sufcient to markit
with the exclamationmarkonce.
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Consecutie atomSpeci es in a groupRart areusuallynot divided from eachother This meanshat
theremustbeabondof ary type betweerthe consecutre atoms.If youwantto de ne thebondorder
further, you cangive anoptionalbondOderSymbal ("-' for asingle, =" for adouble, #' for atriple
and"" for anaromaticbond).

Take a carboxylgroupasanexample.To de ne thegrouppattern the centralcarbonatom(C2) needs
to be connectedo threeatoms:two oxygens(O1, 02), andoneothercarbon(C1). This canbedone
in thefollowing way: GROUP(!C1C201,C202H1). Thus,the hydroxyl group(O2H1)is givenasa
branchof the CCOchain.Thereare,of course severalotherwaysto split this branchinto linearpieces
which you caneasily nd yourself. If your moleculecontainsthe bondtype attribute, you canalso
male useof thedoublebond. Thusthe expressiorbecomesGROUP(!IC1-C2=01,C2-02-H1) .

Notice: The keywordsdo not needto bein capitalletters. Lower caseletters,evena combinationof
lower anduppercasdetters,worksaswell.

1.6.5 Shortcuts

amiraMol also provides pre-de ned shortcutsthat have been assembledusing the previously
mentionedsyntactical elements. The shortcutscan be found in your local amira directory in
share/molecules/atomExpr.cfg ,andcanbeeditedandsupplemented.

Thestandardaliasesncludedin the currentamira releasearelistedin Tablel.1.

1.6.6 Further Examples

atoms/5-8

all atomswhoseindex is in therange5 to 8, inclusive.
atoms/atomic_number>1

all atoms excepthydrogens

sitype=helix AND NOT (a/C OR a/N)

all atomswhich belongto helicesexceptC andN atoms.

ritype=A*

all atomswhich belongto residuesvhosetype namebeginswith theletter A.
BONDED(a/4 OR a/100,6)

all atomswhich areconnectedria at most6 stepsto thetwo speci ed atoms
WITHIN(r/A11,3.1) AND C

all carbonatomswhich are not away further than 3.1 angtromsfrom atomsof residuell on
chainA

GROUP(C1C2C3C4C5C6C1)
all cyclesconsistingof 6 carbonge.g.,cyclohexane).
acidic  AND helix
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acidic
agyclic
aliphatic
alkali
alkaliearth
all

amino
aromatic

at
backbone
basic
buried

¥¢)

chaged
cyclic

h20

helix
halfmetallic
halogens
hetero
hydrophobic
ions
metallic
neutral
noblegas
nonmetallic
nucleic
nucleicbackbone
polar
proteinbackbone
purine
pyrimidine
sheet
sidechain
site

surface

turn

acidicaminoacids

agyclic aminoacids
alipathicaminoacids

atomswhich arealkali metals
atomswhich arealkali earthmetals
selectsverything

aminoacids

aromaticaminoacids

adenineor thymine

atomsof proteinor DNA/RNA
basicaminoacids

aminoacidswhich areusuallyfoundinsidethe protein
cytosineor guanine
chagedaminoacids

cyclic aminoacids

watermolecules

helices

atomswhich have halfmetallicproperties
halogenicatoms

heterogeniatoms
hydrophobicaminoacids
chagedheterogeniatoms

atomswhich have metallicproperties
neutralaminoacids

atomswhich have noblegasproperties
atomswhich have nonmetallicproperties
nucleicacids

backboneatomsof RNA/DNA
polaraminoacids

backboneof a polypeptide

adenineor guanine

cytosineor thymine

sheets

atomsof the proteine/RM/DNA which do notbelongto the backbone

aminoacidswhich tendto befoundon the surfaceof molecules

Table 1.1 Prede®neaxpressiondor selectingoartsof moleculesn amira.
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all atomsof acidicaminoacidswhich belongto helices

1.7 Molecule SelectionBrowser

The selectiorbrowseris a handytool for investigatinghetopologyof a molecule.lt consistof three
mainparts:themenubar, a scrollwindow, anda highlightingsection.In thescrollwindow all itemsof
achoserevel will bedisplayed.Most of the pop-upmenusin the menubarallow youto controlwhat
is beingshavn in the scrollwindow. Finally, the highlightingsectionprovidesfurtherfunctionalityfor
the selectionof itemsin the scrollwindow.

The selectionbrowserenablesyou to quickly selectpartsof the molecule,which will thenbe high-

lightedin the browseraswell asin theviewer by the displaymodulesconnectedo the molecule.The
highlightingallows a correlationbetweerthetopologyandthe molecules three-dimensionadtructure
to be establishedHighlightedatomscanbe usedfor masking. Thus,you canconcentraten speci ¢

regionsof interest.Furthermoremaskingallows differentrepresentation® be combinedquickly and
easily

1.7.1 The scroll window
1.7.1.1 Displayedinformation

In this window all itemsof a chosenlevel are displayedhierarchicallyin the rst column. An item
might consistof a singleatomor agroupof items.

If thereis additionalinformationfor anitem, it will be displayedin the following columns. If the
informationis not available, the entry will be empty Additional informationtypically includesthe
item's type andthe membershipf theitemin somelevel. Notethatonly the directmembershigwill
be consideredi.e., if anitemis nota memberof somelevel, but a memberof somegroup,thatis an
item of the level, the membershipnformationwill not be displayed.An exceptionis beingmadeif
atomsis choserasthemastetevel. In this case amiraMol displaysall groupsof theinformationlevel
theatombelonggo.

If thereareary display modulesor othermodulescontaininga Iter connectedo the molecule(see
introductorysectionon the display of moleculey, therewill be morecolumnsto theright of theinfo
columns- one per module. Thesecolumns,which we will call modulecolumns areusedto display
whetheranitemis in useby amodule.For eachitem arectanglewill bedravnin eachmodulecolumn
If theitemis completelyin useby a module,the rectanglecontainsa checkmark. If it is partially in
use i.e. somebut not all of its groupitemsarein use the checkmark will be gray Thereis one
othersymbolthatmightbedisplayedn therectanglea B'. The 'B' standgor backbonendindicates
thatthe atombelongsto thoseatomscurrentlyde ned asthe backbone.This will be describedn the
following subsectionsThe 'B' mightbeblackor gray. Again,graymeangheatomis notin useby the
module.A blackletterindicateghattheatomis in use but simply becausé belonggo thebackbone.
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1.7.1.2 Item and information columns

If anitemis agroup,i.e.,it containgtems,alittle iconwill beplacedto theleft of theitem name.You
canclick ontheiconto open/closegheitem,i.e.,to shav or hidethe containedtems,respectiely.

In orderto selectanitem in the scroll window, you canclick on the respectre item, which will be
highlightedimmediately To togglethe selectionof anitem, you mustCtrl -click theitem. When
Shift -clicking anitem a whole rangewill be selected.You canalsodragthe mousewith the left
mousebutton pressedver a rangeof itemswhich selectsall of them. Ctrl -click anddragagain
togglestheselection.If anitemis fully selectedit will be highlightedin red. If atleastonebut notall
of its subitemsare selectedamiraMol considerghe item to be partially selectecand highlightsit in
green.

It is alsopossibleto selectitemsby type or otherinformationin theinformationcolumns.If you click
onthedisplayednformationfor anitem, all itemswith the sameinformationwill alsobeselected.

1.7.1.3 Module columns

If therearearny modulescontaininga Iter connectedo the molecule,suchas Molecule\iew, Sec-
Structure\lew, CompMolSur&ce or MolSurface\iew therewill be module columnsin additionto
the masterandinformationcolumns- one per module. Eachof thesecolumnscontainsa checkbox
for eachitem displayed. The checkbox containsinformation aboutwhetheranitem is in useby a
moduleor not. Beforethe differentstatesof a checkbox are explained,we will make a shortside
trip. For corvenienceall atomsare classi ed asbelongingto the backboneor not. You canrestrict
your selectionto only backboneatoms,which meanghatanatomwill only be usedby the moduleif

it belongsto the backbone Apart from thatyou mayalsowantto useat leastall backboneatomsplus
additionalatoms. Therefore,internally therearetwo arrays,one containingall backboneatomsand
onecontainingso-calledselectecatoms.Dependingon thebackbonenode therearethreechoices:

all atomscontainedn eitherarraywill beused or
all atomscontainedn botharrayswill beused or
only thoseatomscontainedn theselectedarraywill beused

Usingthosetwo arraysallows you to quickly changebetweerbackboneatomsandall otherswithout
losingthe previousatommasking.

Now let's go backto thecheckbox states.Thereare ve differentstatesof a checkbox, includingone
statewith two differentmeanings.

Theboxis empty:thecompletetemis notshovn by theviewer.
Thebox containsablack checkmark: thecompletedtemis shown.

The box containsa gray checkmark andthe item is an atom: the atomis a memberof the
selectedarray but is still not showvn dueto the backbonemode,i.e., it doesnot belongto the
backbone.
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Theboxcontainsagraycheckmarkandtheitemis notanatom:theitemis only partially shovn
in theviewer.

Thebox containsablack B' (only for atoms):the atomis shavn simply becausét belongsto
thebackbone.

Thebox containsagray 'B' (only for atoms):the atomis not showvn, but belongsto the back-
bone.

Clicking on a box togglesits state. You canalsoclick on oneitem andthendragthe mousepointer
over multiple items.All of thesetemswill besetto the samestateasthe rst item.

In additionto directly clicking ona box, thereis anothemvay to changehe stateof the checkboxes. If
you click onthe headerf a modulecolumnwith the right mousebutton, a pop-upmenuwill appear
containingthefollowing entries:

Add: addsthe currentlyhighlightedatomsto the “selectedarray
Remore: removesthe highlightedatomsfrom the selection.
Replacereplaceselectionby highlightedatoms.

Clear: clearsthe “selectedarray

All: selectsall atoms.

Restrictto: thispop-upmenuallowsyouto restrictthesetof displayedatomsto someprede ned
set.

Combinewith: if oneof the entriesin this pop-upmenuis selectedthe chosensetwill bethe
minimum setthatis beingdisplayedby therespectre displaymodule.

Set:the selectedarrayis setto thechosemrede nedsetof atoms.Startingfrom this selection
you canaddor remove partsof themolecule.

1.7.2 Highlighting section

This browser sectionconsistsof a text eld anda buttonrow. In thetext eld you cantype atom
expressions The expressiong/ou type will be savedin a history. Usingthe Up andDown keys you
cango backto previousexprssionslf you pressheReturn -key, thecurrentexpressiorwill beused
to replacethe currenthighlighting, henceit is a shortcut to pressinghe Replacebutton (seebelow).

1.7.2.1 Buttons

The buttonswork in conjunctionwith the expressionin thetext eld. Whenpressingary of the rst
threebuttons,the atomexpressionwill be evaluated,andthe atomscorrespondingo the expression
will be addedto, remoredfrom, or replacethe highlighting, respectiely. Thelastthreebuttonsclear
thehighlighting, highlight all items,or undothelastchangerespectiely. Thereexist shortcutsto all
buttons,which work whenthe Expressionline hasthe focus. The shortcutsare asfollows: Ctrl-

A for Add, Ctrl-R  for Remae, Ctrl-P  for Replace Ctrl-C  for Clear, Ctrl-L  for All, and
Ctrl-U  for UndoLast
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1.7.3 Menu bar

Themenubarcontainsa coupleof pop-upmenuswhich will be explainedbelow.

1.7.3.1 MasterLevel

The MasterLezel menucontainsall levelscurrentlyde ned in themolecules topology: All groupsof
the currentmasterdevel will bedisplayedn the scrollwindow.

1.7.3.2 Options

The Optionsmenuallows you to quickly openand collapseitems, i.e., to shav and hide the items
containedn otheritems.

1.7.3.3 Info

With the help of the Info menu,you candisplayadditionalinformationcolumns suchastype,index,
or theitem's membershipn a groupof somelevel.

1.7.3.4 Modules

If you have mary displaymodulesconnectedo the molecule the large numberof columnsmight be
confusing.If you areonly working with oneor afew of the displaymodulesyou mightwantto hide
the othercolumns.This canbe donewith the help of this menu.

1.7.3.5 Highlighting

By default, all displaymodulesthatallow highlighting will highlight all selectedatoms. The High-
lighting menuenableg/outo turn highlightingfor eachdisplaymoduleon andoff.
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Chapter 2

Alphabetic Index of Modules

2.1 AlignMolecules

This moduleenables/ou to aligntwo arbitrarymoleculego eachother However, themoleculesneed
to ful ll one precondition: they both musthave (at least)one level, the align level, with the same
nameand an equalnumberof groups. The algorithmworks asfollows: for eachgroup of the rst
moleculeall its atomsattractall atomsof its correspondingyroupof the othermolecule wherebythe
correspondencis establishedy the index of the groupin thealign level. Onepossibilitiesto create
suchlevelsis by usingthe moduleAlignSequences

Thealgorithmworksiteratively. Startingfrom anarbitraryposition,a force anda rotationarecalcu-
latedat eachstepresultingfrom the attractionforcesof theatoms.The algorithmstopsif thetransfor
mationfrom onestepto anothetis smallerthansomeepsilon. The alignmentfoundis not necessarily
theglobalminimumof thesumof distance®etweerthecorrespondingtoms.However, it will always
bealocal minimum.

If the global minimumis prominent,it canbe assumedhat this minimumwill be found from each
startingposition. In orderto nd out whetherthereexist otherequally goodlocal alignmentsiit is
possibleto computealignmentsstartingfrom 20 differentpositions. The differentalignmentswill be
storedin alist. You canthencomparethe alignmentsvisually aswell asby the distancebetweerthe
two molecules.

Connections

MoleculeA [required]
Firstmoleculeto which the secondmoleculewill bealigned.

MoleculeB [required]
Secondmoleculeto bealignedto the rst one.



Slave [optional]
You canconnectary dataobjectto this port. The sametransformatiorthatis appliedto the second
moleculewill beappliedto this dataobjectaswell.

Ports

Options
multiple transforms If this toggleis not selecteda local minimum will be found starting
from the currentpositionsof the molecules. If the toggleis selectedmoleculeB will be
translatedsuchthatthe centersof the moleculesaccordingto the groupsfoundin the Align
Level are at the sameposition. Startingfrom this position, 20 rotationswill be appliedto
moleculeB, andthesenew positionswill be usedasstartingpointsfor the alignment.
showalignment If this optionis set,you canobsene the alignmentproceswisually. Other
wise,only the nal alignmentwill beshawvn.

Transforms

If you computethe alignmentwith the multiple transformstoggleswitchedon, this sliderappears.
Oncethe computationis nished, i.e., for all 20 starting positionsat which the alignmentwas
computedyou canstepthroughall alignmentghatdiffer by anepsilon. The epsiloncanbe setby
thecommandsetEpsilon Notice thatif thereis only onelocal alignment,it canbe assumedhatit
is alsotheglobalone.However, thereis no guarantee.

Align Level

Selectthelevel whichis usedfor alignment.

Action

Computealignmentandtransformthe secondmolecule.

Commands

getEpsilon
Printsthe currentepsilonthatis usedfor comparisorof thetransformations.

setEpsilon <value>
Setepsilonto value,which shouldbe smallerthan1.0. Checkthe currentepsilonbeforesettinga
new onewith thecommandyetEpsilon
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2.2 AlignSequences

This modulealignsthe sequencesf two moleculesto eachother Proteinsaswell asnucleicacids
canbealigned. Currently it is not possibleto align t-RNA sequencebecauséehey containmodi ed
basesdeviating from the standarddataformat. The modulewill be adjustedand extendedin the
nearfuture. The output of the alignmentis displayedin a separatevindow. Currently you may
choosebetweerocal, semiglobal andglobal alignment. The algorithmsarebasedon the Waterman
algorithmsfor pairwisesequencalignmentsusinga Blosumweightingmatrix for proteinsequences
anda Transition/Tansvesionweightingmatrix for nucleicacids. Considerthe following threecases
to decidewhich algorithmto use:

local alignment

Thelocalalignmentalgorithmis thebestalgorithmto useif youwantto matchashortsequence,
possiblya subsequencer motif of somemolecule,againsta long one. You can specify a
motif (e.g., a promotersequencepnd searchfor it in the moleculeof interest. Beware, the
local alignmentalgorithmis not usefulfor aligningtwo long sequencet eachother, e.g.,two
relatedproteins. You might endup with a very large numberof equally evaluatedsequences,
fragmentingthe moleculesin mary pieces. For alignmentof two long sequencesyou should
ratheruseoneof the next two algorithmsinstead.

global alignmentwith gapfunction

In this case,you want to matchtwo relatedlong sequences$o eachother, e.g., two related
enzymesThealgorithmmatcheghe whole sequencepenalizinglong gapsproportionallyless
thanmary shortgaps.

semiglobaklignment

If you have no idea aboutthe relationshipof your two test molecules,it is bestto usethe
semiglobalalgorithm rst becausdt will scanfor the possibly bestmatchingparts of your
moleculeswithout having to align thewhole sequenceaswith the globalalgorithm.

Connections

MoleculeA [required]
Firstmoleculeto bealigned.

MoleculeB [required]
Secondmoleculeto bealigned.

Ports
Options

Togglethebuttonto shawv/hidethe alignment. Thistoggleis sensitve if analignmentexists,i.e., if
it haspreviously beencomputed.
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Input

Which sequenceshouldbetakenasinput for the alignment.Threeoptionsexist:

moleculeA andB.
moleculeA andthespeci ed motif (seebelow).
moleculeB andthe motif.

Motif

You canspecifya motif whichwill be searchedor in alongersequenceThis port appearsf one
of thelasttwo optionsis choserin theInput port.

Align Type

You canalign proteinsaswell asribonucleicacids. Specifythe type of moleculein the rst pop-
up menu. In the secondmenuyou canselectone of threealgorithmsas explainedabove: local,
semiglobal or global alignment.

Align Sequences

Computealignmentanddisplayit.

Commands

setLimit <value>
With this commandyou restrictthe numberof alignmentscomputedrom onestartpositionof the
alignmentmatrix. Thedefaultis 10.

AlignView
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For eachalignmentts numberandadditionalinformationaredisplayedn the rst line. Currentlythe
informationincludesthelengthof thealignmentthe numberof insertionsfor bothsequencesndthe
relative score,i.e., the scoredivided by the length of the alignment. The latter might be interesting
whencomparingalignmentdbetweerhomologousequences.

The AlignMew displayscorrespondingesiduesn blue. To provide anideaaboutwherein the se-
guencessimilaritieshave beenfound, the restof the sequencés displayedaswell (in red). To nd
outwherein the sequencgou are,just click atthe positionwithin the sequencgou areinterestedn.
Immediately the positionsfor both sequencewill be shavn in the lower-left cornerof the window.
Theclickedpositionwill bemarkedby a blackrectangle.

Apart from just shaving alignments the AlignSequencemoduleallows you to add alignmentsas
levelsto the alignedmolecules However, sincetheremight be a large numberof alignmentsandyou
mightonly beinterestedn afew, thewindow allowsyouto selectalignmentsin orderto seleciasingle
alignment,left-click on therow with thelabeli. Alignment Thelabelwill turnblack. If youwantto
selectmorethanonealignment,usethe Ctrl  key. An alignmentcanbe unselectedy just clicking
onit again.All currentlyselectedalignmentsarehighlightedby ablackframearoundthelabel. Those
alignmentscanbewrittento themoleculedy pressinghe Acceptbutton. If all alignmentsaredesired,
pressthe AcceptAllbutton.

When an alignmentis written to a moleculeasa new level, all lettersof the sequencéhat are not
matched,i.e., that correspondo a blank, are left out. Both moleculeswill have a new level with
exactly thesamenameandlength. Thus,thoselevelscanbe usedby the AlignMoleculesmodule.

2.3 BondAngleView

The BondAngleléw offers an alternative to the MoleculeVew. This viewing module,however, does
not displayatomsandbondsbut, asthe namesuggestshondangles,i.e., for every threeatomscon-
nectedby two bondsa trianglewill be shovn. The vertex colorsarelinearly interpolatedacrossthe
triangle. Apart from coloring the moleculeasis donein the Molecule\lew, the bondanglescanbe
coloredaccordingto a speci ed color eld, e.g.,the electrostatigpotential,and a colormap. Here,
in additionto interpolatingthe colors,texture mappingcanbe appliedwhich interpolateghe texture
coordinates.

Connections

Data [required]
Moleculeto bevisualized.

ColorField [optional]
Scalareld thatcanbedisplayedonthe bondangleby pseudo-coloring.

Colormap [optional]
Color mapneededn conjunctionwith thecolor eld.
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ContinuousCM [optional]
Color mapthatis usedto mapvaluesof oat attributesto colors.

DiscreteCM [optional]
Color mapthatis usedto mapvaluesof discreteattributes lik e integersandstrings,to colors.

Ports
Draw Style

This portis inheritedfrom the ViewBasemodule.

Colormap

This portbecomewisible only if ascalareld hasbeenconnectedo thecolor eld port.

Transparency

If thedraw styleis setto transpaent this portletsyou con gure the degreeof transpareng
Color Mode

Allows youto switch betweemormal coloringmodeandcoloringaccordingo a scalar eld.

Coloring

For anexplanationof the four portsabove, seethe descriptionin the generalsectionon displayof
molecules

2.4 BondCalculation

The modulecalculateshondsin a given molecularstructureby analyzingthe distancesetweenthe
individual atomsof the structure. A maximaldistancevaluewill be usedto determinewhethertwo
atomsareconnectear not.
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This moduleis especiallyusefulwhenbeingusedwith a moleculethatis derived from a trajectory
Eachnewly displayedtime stepwill causethe bondsto be recalculated.A similar modulefor bond
calculationis availablevia the moleculeeditor. This editor moduleoffers advancedfunctionality but
cannotbe useddynamicallyin thework o w of the objectpool.

Connections

Data [required]
Moleculefor which a new moleculewith a completebondstructureshouldbe computed.

Ports

Maximal atom distance

The valuedetermineghe maximaldistancebetweenwo atoms(in A) belov which they are con-
sideredo beconnectedy abond.

Action

Startsthe computatiorof thenew molecule.

2.5 RankTimeStep

This moduletakesanobjectof type MolTrajectoryasinput andeithersortsall moleculesn thetrajec-
tory or selectsa singlemoleculefrom the trajetory Selectionandsortingcaneitherbe doneusingthe
observablevaluesof thetrajectoryor thermsdvaluein comparisorto aspeci ¢ molecule whichthen
needgo beconnectedo themodule.

The moduleis, e.g.,very helpful in conjunctionwith the modulefor the computationof the mean
molecule It allowsyouto nd thetime stepin thetrajectorythatbestapproximatethemeanmolecule.

Connections

Data [required]
Moleculartrajectoryfor which the meanmoleculeshouldbe computed.

AlignMaster [optional]

This connectionis only requiredif you wantto searchthe trajectoryaccordingto the rmsdvalue,
sincethenyouwill needareferencanolecule.

PrecomputedAlignment [optional]

Insteadof aligning all time stepsof a trajectoryto the AlignMastermolecule,you canusea pre-
computedalignmentto align thetime steps.
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Ports

Search Option

The two optionsallow you to specifywhich kind of value,root meansquae deviation (rmsd)or
someobsenablevalue,shouldbe usedfor rankingthe time stepsof thetrajectory The obsenable
typeneeddo befurtherspeci ed by the Observablegort.

Search Option 2

Threeoptionsare possible. The rst two allow you to searchfor a singletime stepwith either
minimum of maximumvalue. The last option, all sorted givesyou the most e xibility andis
thereforethe default.

Observable

This portallows you to selectthe obserableyou areinterestedn.

Alignment

Thethreeportsabove specifyhow themoleculesaretransformedeforecomputingthermsdvalue.
Seethedescriptionin thegenerakectionon alignmentof moleculedor a detailedexplanation.

Action

Trigger search(and sorting). When pressingthe button for the rst time, a new object of type
Molecule connectedo thetrajectory will beaddedto the objectpool. This moleculeis usedto set
theindex of themoleculewith min value,maxvalueor accordingo theindex of the sortedlist.

Sorted Timesteps

This slider allows you to stepthroughthe time stepsafter sorting. Time step0 is that having the
minimal value.
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2.6 CompMolinterface

This modulegenerates distance-baseititerfacebetweerntwo moleculesor betweergroupsof a cho-
senlevel of a singlemolecule. As resultsof the computationa MolSurfaceanda distanceeld are
generated.Each point on this surface hasthe samedistanceto the closestatom of both groupsor

molecules.Viewing the surfacewith the MolSurface\lew moduleallows to accessadditionalinfor-

mationcontainedn thesurface(e.g.,kind of closestatomor kind of groupit belonggo). Thedistance
eld canbeusedto colorthesurface.

Connections

Molecule A [required]

Moleculefor which interfacesshouldbe computed.In caseof the computationof intermolecular
interfacesthis is oneof themoleculedor which theinterfacesshouldbe generated.

MoleculeB [optional]
Secondmoleculefor the computatiorof theintermoleculatinterface.

Ports

Voxelsize

Voxelsizeof thedistanceeld, i.e.,measuref discretizationThesmallerthevoxel size,thelonger
theprocessindime.

Cutoff distance

Largestdistancdrom anatomthatshouldbe consideredn the algorithm. Pointsfurtheraway than
thecutoff distanceto any atomwill notbe consideredn the computation.

Distanceto

Selectthetype of interface.Choosingthe rst optionthedistanceo thevanderWaalssurfacewill
be consideredptherwisethe distanceto the atomcenter which resultsin anapproximatiorof the
Voronoidiagram.

Levels

Thisoptionmenuallowsyouto choosehelevel of molecularstructurefor which theintramolecular
interfacesshouldbegeneratedFor example you mightwantto computeatomicinterfacesonavery
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low level, or youmightjust wantto generatenterfacesbetweerfunctionalgroupson a higherlevel
or evenbetweersecondanstructures.This port disappear# two moleculesare connectedo the
module.

Dolt

Startsthe computatiorof theinterface.

2.7 CompMolSurface

This modulecomputegnolecularsurfaces. Threetypesof molecularsurfacescanbe generatedthe
van der Waals (vdW) surface the solventaccessiblesurface(sas) andthe solventexcludedsurface
(ses) ThevdWsurfaceenclosesll vanderWaalssphereof the molecules atoms.The sasencloses
all vanderWaalsspheregxtendedby someproberadius.Finally, the sesencloseshe subspaceavhich
is not accessibleo a probespheren the presenceof the moleculerepresentedby its van der Waals
spheres.

Theimplementedalgorithmallows the computatiorof the full molecularsurfaceaswell asof partial
surfaces.If the partialsurfaceoptionis selectedthe surfacewill only becomputedor all highlighted
atoms(see,e.g.,the descriptionof the Molecule SelectionBrowse)). This modulewill registeritself
at the SelectionBrowser, which allows you to restrictthe computationof the molecularsurfaceto a
subsetof its atoms. For example,if the moleculeconsistsof several chains,you cancomputethe
molecularsurfaceof asinglechainby deselectinghe otherchains.

Apartfrom theoptionto computeeitherthefull or a partialsurface,you canalsochoosebetweernwo
algorithmsthatdiffer in thequality of the surfacegeneratedandalsoin speedlf time doesnot matter
you shouldalways usethe default option, correct However, if you areinterestedin the dynamic
behaior of the molecularsurface time doesmatterandyou might wantto usethe secondalgorithm.
This algorithmworks asfollows. We startwith anarbitraryatomcontrikbuting to the surface. For this
we computethe atom's surfacecontribution. All atomsadjacento this atom's surfaceare storedin

alist. Next, we take the rst atomfrom the list anddealwith it in the samefashionasfor the very
rst atom. Thus,in the caseof a vdW surfaceor an saswe endup with the samesurfaceaswith the
correctalgorithmif the surfaceconsistsof onecomponentln caseof the seswe runinto problemsif

two componentsrefurther away from eachotherthanthe probes diameter Furthermorethe faster
algorithmmight not computeall cavities, whereaghe correctalgorithmwill.

A maximumof two moleculesnaybeconnectedo themodule thusenablingthe surfacecomputation
of acomplex consistingof two molecules This canbeinterestingfor example if youwantto compute
the surfacebeforeandaftera docking.

As aresultof the computatiora new object,i.e.,the molecularsurface,will appeaiin the objectpool.
To visualizethe surface,attachthe MolSurface Vew moduleto it.
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Connections

Molecule [optional]
Themoleculefor which the molecularsurfaceshouldbe computed.

Molecule2 [optional]

If youwantto computethe surfaceof a complex of two moleculesyou mustconnecthis portto a
secondnolecule.

Either of thosetwo portsneedgo be connectedo somemoleculein orderto computea molecular
surface.

Ports

Surface Type

Choosebetweenvander Waals, solventaccessibleandsolventexcludedsurface.

Quality

The default option computeghe molecularsurfacecorrectly i.e., with all, possiblydisconnected,
componentandall enclosectavities. The secondalgorithmis fasterbecausét doesnot compute
the molecularsurfacecontribution for eachatom, but only for surfaceatoms. If the surfaceis not
connectedit might misspartsof thesurface.

ProbeRadius

Theradiusof the solventprobesphere This portis only visible for the surfacetypessasandses

Edgelength

Chooseheapproximateedgelengthof the surfacestriangles.This port correspondso thenumber
of points perAZ, andvice versa.Thus,if you modify the valueof this port, the value of the other
portwill bechangedoo.

Number of points

With this port you de ne the approximatenumberof points perA2 andtherebythe granularityof
thesurface.
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Options

If the option partial surfaceis selectedpnly the surfaceof the currentlyhighlightedatomswill be
computed.Thesecondption,whichis only activeif the rst optionis checledandthesurfacetype
sesis selectedjnitiatesthe computationof the highlightedatom's adjacentpatchesj.e., toroidal
andsphericakoncare patches.

Surfacearea

If eitherthe rst or the secondoptionis selectedthe exact size of the currentmolecularsurface
will becomputedandthesizeperatomor perresiduerespectiely, will bewrittento themolecules
topology For therespectie level, i.e. atomsor residuesyouwill nd anew attribute area, which
containsthe contribution of eachitem to the overall surfacearea. This allows you to color the
moleculeaccordingto the surfacecontritution. It further enablesyou to selectall surfaceatoms
or residueqseeatomexpressiongor details). If thelastoptionis selectedatext eld will appear
allowing you to specify an arbitrary namefor the attribute into which the surfaceareaswill be
written.

Attrib ute name

Specifyanattribute namehere,if you do notwantto sase the surfaceareain the attributearea In
orderto do so,thethird optionof the Surfaceareaport mustbeselected.

Action

Startcomputation.

2.8 Con®gurationDensity

Thismoduleenables/ou to computea probability densityfor the positionsof atomsandbondswithin
amoleculartrajectory Theinputis anobjectof type MolTrajectory As outputeithera scalareld or
acolor eld is generatedIn orderto visualizethe computeddensityyou can,for example,applythe
volumerenderingmodule,Voltex.

Sincethe time stepsof the moleculartrajectory can be arbitrarily rotatedand translated we must
performanalignmentfor eachtime stepto t it bestto somechoserreferenceThisis doneinternally,
but you mustspecifyhow the moleculesshouldbe alignedto eachothet Therearefour optionsfrom
which to choose. The rst usesall atomsfor alignment,which is the recommendedption. In the
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secondyou canselecta few atoms(seebelaw for moreinformation). The third andfourth usenone
andcenterof gravity alignment respectiely.

For therepresentationf themoleculetwo kinds of geometricobjectscanbeused:spheresndsticks.
Here,spheresepresenthe positionsof the atomicnucleiandthe sticksthe existing bondswithin the
molecule.You cancomputethe densityfor sticks,atomsor sticksandatoms.

Connections

Data [required]
Themoleculartrajectoryfor which thedensityshouldbe computed.

AlignMaster [optional]
Themoleculeto which eachtime stepof thetrajectorywill bealigned.

PrecomputedAlignment [optional]

Insteadof aligning all time stepsof a trajectoryto the AlignMastermolecule,you canusea pre-
computedalignmentto align thetime steps.

Continuous and DiscreteColormap [optional]

Thesetwo colormapsareusedfor the color managemendf the computedvolume,in casea color
eld shouldbegenerated.

Ports
Time Steps

Speci esrangeof time stepsfor which the densityshouldbe computed.

Voxel Size

This valuedetermineghe sizeof a voxel, i.e., its height,width, anddepth,of the eld storingthe
probabilitydensity

Grid Dimension

Thedimensiorof the eld grid resultingfrom the speci ed voxel size.

Alignment
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The threeportsabore specifyhow the moleculesarealignedto eachother Seethe descriptionin
thegenerakectionon alignmentof moleculedor adetailedexplanation.

Shape

Choosethe geometryusedto representhe molecule. If you have a highly varying trajectory the
recommendedhapsds cylinders.

Radius Options

Usea uniqueradiusfor all atomsphereq xed) or take for eachspherethe van der Waalsradius
scaledby thevalueof port AtomRadius(atomclassdependent

Atom Radius

Radiusof theatomspheres.

Bond Radius

Radiusof cylindersrepresentindponds.
Field

This menucontainstwo options,ScalarField andColor Field. Choosethe rst if you only want
the density If you choosethe secondoption,in additionto the density the color informationwill
be storedaccordingo the color schemgseeAtomColors port).

Atom Colors

Determinesow the eld regionswill becolored.For moreinformationseethedescriptiorof Color
portin thesectionon displayingmolecules.

Colormaps

Thesetwo colormapsareusedto color the atomsandsticksaccordingto the selecteccolor scheme
in AtomColors. Seethedescriptiorin thesectionon displayof moleculedor adetailedexplanation.
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De ne Color

Theportis describedn the sectionon displayof molecules

Compute

Invoke actions.

Sincefor the computatiorof the grid dimensionall moleculesneedto bealigned,for along
trajectorythis mighttake sometime. Soit maynotbedesirableo recomputeghegrid dimen-
sionall thetime. If you areinterestedn thesizeof the grid beforeinvoking the computation
of the eld, the BBoxbutton mustbe pressed.The boundingbox of the eld, includingall
alignmentswill be computedandfrom this, thegrid dimension.

Presghe Field buttonto startthe computatiorof the eld. If the grid dimensionis notup to
date,it will becomputedrst.

2.9 MeanMolecule

This modulecomputeghe meanmoleculeof a moleculartrajectoryby averagingthe atompositions.
In orderto do this, the moleculesneedto be transformedo a commoncoordinatesystem. This can
bedoneeitherby aligningall time stepgo somereferenceanoleculeor by computingtransformations
with the PrecomputeAlignmemhodule.

Connections
Data [required]
Moleculartrajectoryfor which the meanmoleculeshouldbe computed.

AlignMaster [optional]

In orderto computethe meanmolecule,all moleculesof the trajectoryneedto be alignedwith
respecto a certainmolecule. This is doneby right-clicking on thelittle rectangleof the module
iconin the objectpool, selectingAlignMolecule andconnectingt to a moleculein the objectpool.

PrecomputedAlignment [optional]

Insteadof aligning all time stepsof a trajectoryto the AlignMaster you canusea precomputed
alignmentto align thetime steps.

Ports
Time Steps
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Specifythe rangeof moleculesusedfor the computation.

Alignment

The threeportsabove specifyhow the moleculesarealignedto eachother Seethe descriptionin
thegenerakectionon alignmentof moleculedor a detailedexplanation.

Option

Selectthis optionif youwantto iteratively improve the meanmolecule.

Action

Startcomputatiorof meanmolecule.

2.10 Measurement

Thismoduleletsyou determinadistancesangles anddihedralangleshetweeratomsof themolecule.

To obtaina measurementyou needto selectthe atomsthat areto be examined. In orderto select
objectsin the viewer, you needto switch into the interactionmode of the viewer (for exampleby
pressinghe ESCkey asatoggle)andCtrl -clicking on the desiredatoms.You canreadaboutother
waysto selectstructuresn thedocumentatiorf the SelectiorBrowser

Connections

Module [required]
A moduleof type Molecule \lew which canbe usedfor the selectionof atoms.

Ports

Thefollowing portswill only bevisible if you have selectedwo atomsfor distancemeasurement,
threeatomsfor anglemeasurementr four atomsfor measuremeraf dihedralangles.

Selectedatoms

This port showvs theindicesandsequencef theatomsthatareusedfor the measurement.
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Options

This port is visible if your basemoleculeis derived from a trajectory If you actvatethe toggle,
notonly themeasuremerdf the currentlyactive time step,but alsothemeanvalueof the complete
trajectoryandits standarddeviation, will be evaluated. For large trajectoriesthis may take some
time asall atomic coordinateshave to be loadedfor eachtime step. Soif you do not needthis
option,leave it unchecled.

Angle

This port shows the value of the measurementFor two selectedatoms,this is the distance;for

three, the angle; andfor four atoms,their dihedralangle. (The dihedralangleis de ned asthe

anglebetweerthetwo planesdeterminedy the rst threeselectecatomsandthelastthreeselected
atoms).Thedistancds givenin angstromstheanglesin degrees.

Time-Mean

This portis visible if your basemoleculeis derivedfrom a trajectoryandthe Time-meartoggleis
activated.It will shav themearnvalueof themeasuremertty determininghearithmeticmeanover
all moleculeghatarepartof thetrajectory In addition,thestandardeviation of thetime-mearwill

beshawvn.

Time Plot

Like thetime-mearport, this portis only visible for trajectories.By pressinghe Showbuttonyou
canseethe plot of the measuremerdgainsthetime stepsof thetrajectory Theverticalline of the
plotindicateghe positionof the currentlyshovn time step.Thehorizontallinesshav themeanand
thestandardieviation.

Selection

With the Clear buttonyou candeselectll atoms.

2.11 MolSurfaceView

This modulevisualizesdataobjectsof type MolSurface Objectsof type MolSurfacecan be either
molecularsurfacessuchasvander Waals, solventaccessiblgor solventexcludedsurfacesgenerated
by the CompMolSur&cemodule,or it canbe moleculaiinterfacesgeneratedavith the CompMolinter
facemodule.Apart from a connectiorto the molecularsurface this modulealsoshouldbe connected
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to the moleculeshe surfacewasgeneratedrom, in orderto exploit the full functionality of the Mol-
Surfaceléew. If the molecularsurfacewasgeneratedn the currentamira sessiorandthe molecules
werenotdeletedn betweenthe MolSurfaceYew will beautomaticallyconnectedo thesemolecules.

Lik e the other molecularvisualizationmodules,this moduleallows you to color the molecule,i.e.,
its surface,accordingto variousdifferentcolor schemesusingamiraMol's coloring componentThe
MolSurfaceVew hasseveral pick modesimplemented.Dependingon the pick mode,clicking on the
surfaceresultsin differentactions.E.g.,you canhighlight partsof thesurfaceby clicking onit with the
left mousebutton. How theclick is interpreteddepend®nthecurrentselectiormode. If defaultcolors
areusedclicking is interpretedasin the Surface Vew module.Clicking onthe surfacewith themiddle
mousebutton displaysinformationaboutthe clicked on part of the molecule. Seethe descriptionon
the pick actionportfor moreinformation.

Connections

Data [required]
Objectof classMolSurface

ColorField [optional]
Scalareld to colorthe surfaceaccordingo physicalor chemicalproperties.

Colormap [optional]
Color mapfor pseudocoloringhe surfaceaccordingo thevaluesin ascalar eld.

Molecule [optional]
Objectof typemolecule.Neededf informationaboutthe surfaceis required.

ContinuousCM [optional]
Neededor coloringthe molecularsurfaceaccordingo atomicinformation.

DiscreteCM [optional]
Neededor coloringthe molecularsurfaceaccordingto atomicinformation.

Ports
Draw Style

Colormap

BaseTans

Seethedescriptionof MolSurfaceMew's baseclassfor anexplanationof the rst threeports.
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Color Mode

Therearethreecolor modes.The rst modeusesdefault colorsto color theoutsidetrianglesdiffer-
ently thantheinsidetriangles.If oneor two moleculesareconnectedo the MolSurfaceVew, you
canchoosahesecondnodeto colorthemolecularsurfaceaccordingo the coloringcomponent(s).
Thelastmode, nally , allowsyouto colorthesurfaceby useof ascalareld (representinghemical
or physicalproperties).This modecanonly be chosenif the ColorFeld portis connectedo a eld.

Default Colors

You canchangehe default colorsby clicking onthem. A color editorwill appearenablingyouto
changehecolor.

Pick Action

You canchangethe behaviour of the pick actionby selectingoneof threemodes.If the rst mode,
moleculeis selected|eft-clicking on the surfacehighlightsthe selectedhartsof the surface,while
pickingwith themiddlemousebuttonleadsto informationaboutthe pickedatom(s)eingdisplayed
in the upperleft cornerof the viewer. If clipping is selected/eft-clicking on the surfaceclips all
thosepartsof the surfacefurtheraway thanthevaluespeci ed by the clipping distance Finally, if
themodesurfaceis selectedthe behaiour will belikethisin the SurfaceView.

Clipping Distance

Distancethresholdusedfor clipping.
Highlighting

This port providesfunctionality for selecting(or highlighting) atomsurfacepatchesn the viewer
window. For moreinformation,seethe generakectionon highlighting

Buffer

This portis the front endto a lter thatdetermineghe atom surfacepatchesbeingdisplayedby
the MolSurfaceew. Thefunctionality of the port's buttonsaredescribedn the generakectionon
highlighting

Coloring
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The four portsabove belongto the coloring component. Therewill be one componentor each
moleculeconnectedo the MolSurfaceVéw.

2.12 MoleculeLabel

Thismoduleallowsyouto labelcertainpartsof themolecule.lf aMoleculeLabemoduleis connected
to anobjectof typeMolecule all clicksin theviewing window normallyhandledoy aviewing module
connectedo the samemoleculewill insteadbe handledby the MoleculeLabelmodule,by default.
Handlingof a click by the MoleculeLabeimodulemeanghatit will changethelabeling,i.e., addor
remove a label. The kind of labelto be displayeddependsn the viewing moduleand the current
selectionmode. For example,if the selectionmodeis atoms a label for the selectedatomwill be
displayedjf it is residuesalabelfor theresiduetheatombelongsto will bedisplayed.Up to two data
itemsperlabelcanbedisplayed Which datais displayed canbesetin the Attributesport (seebelow).

The userinterfaceis built asfollows. The levelsport allows you to choosea labellevel. The other
ports,exceptthelastone,Options correspondo this level. They allow youto specifyhow thelabels
of the selectedevel will bedisplayed,.e., whatdatais displayedfor eachlabel,andin which color
andsizelabelsaredisplayed.Do not assumehata label of the selectedevel will appeaiif you click
partsof themolecule. This solely depend®on the selectionmodeasmentionedabove. You may also
hideall labelsof the currentlevel.

Thelastport, Options doesnot referto any level, but determineghe overall behaior of themodule.

Thereareafew Tcl commandshatallow youto setlabels. ThesetLabelString commancenables
youto setarbitrarylabelsto anatomor a groupof atoms.Seethe descriptionof commandsattheend
of this pagefor moreinformation.

Connections

Data [required]
Themoleculeto belabeled.

Ports

Levels

Choosea level to changethe display propertiesof all labelsof this level. The Attributes Level
Option Buttons Font size and Colorportshave individual valuesfor eachlevel.
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Attrib utes

Portto selecttwo attributesthatwill make up thelabelstringfor thecurrentlevel. By default, only
oneattributeis displayed.

Level Option

If thelevel optionis visibleis set,all currentlyselectedabelsof this level aredisplayed.In order
to hideall labelsof a certainlevel without removing them,deselecthis option.

Labels

The four buttonsof this port affect only the labelsof the currentlevel. The rst button displays
all labels,the secondaddsa labelfor eachcompletelyhighlightedgroup,the third buttonremoves
all labels. Finally, the fourth button updatesthe label stringsaccordingto the currently selected
attributes thenupdateghe positionsof thelabelsto displaythemaswell aspossible.

Font size

Changehefont sizeof thelevel'slabels.

Color

Color of thelevel's labels.To changethe color, click onthe Color button. As result,a color editor
will bedisplayedn which you canchoosethe color you wish.

Options

Overalloptions.If the rst optionis selectedglicks thatarenormally handledby the viewing mod-
uleswill insteadbe handledby the MoleculeLabemodule,resultingin new labelsbeingdisplayed
andalreadyvisible labelsbeingremoved. The secondption allows you to composdabelsof one
level differently If the optionis not set,the currently displayedlabelswill not be changedf the
Attribute port changesotherwisethey will.

Commands
Thereareafew commanddo setlabelsvia thecommandine interface.

setLabel <levelName/ fgroupName|groupRange g¢> [<attrl>] [<attr2>]
This commandsetsnew labelsfor a groupor a rangeof groupsspeci ed by the rst argument.
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If oneor two attributesare given (as strings), thoseattributeswill be assignedas labelsto the
group(s). If no attribute is given, the currently selectedattributesof the level are used. For more
informationaboutspecifyingagroupor arangeof groupsseethelist  commandn thedescription
of Molecule

Example:

setLabel residues/NIL14-NIL98 name index

unsetLabel  <levelName/ fgroupName|groupRange g>
Hidesthelabelsof thespeci ed groupor rangeof groups.

setLabelString <levelName/groupName>  <string>
Assignthelabel string' to the speci edgroup.

2.13 MoleculeView

The Molecule\ew allows you to displaymoleculesin threedifferentrepresentationsatomspheres,
wire frame,andball-and-stick For eachof theserepresentationtherearetwo Quality modesfastand
correct

Atoms canbe coloredaccordingto the groupingsde ned on the molecule,e.g.,atoms,residuesand
chains.Moreover, thedisplayedpart of the moleculecanberestrictedby usingthe selectionbrowser
aswell asby interactionin theviewer.

In additionto justvisualizingmoleculesthis moduleprovidestoolsthatfacilitateinteractionwith the
molecule.For example,you canselectatomsto nd outwhichindex they have andwhich groupthey
belongto. Theability to selectatomsis alsoa preconditionfor the alignmentproceduredescribedn
the sectionon aligningmolecules

In orderto measuralistancesandanglesin the molecule right-click the MoleculeVew in the object
pool whichwill opena pop-upmenuwith the entry Measurement

Connections

Data [required]
Themoleculeto bevisualized.

ReferenceMolecule [optional]

A referencanoleculemustbe connectedf you wantto studythe alterationof the torsionangles
from onetime stepof a moleculartrajectoryto another(seethe Optionsport below for moreinfor-
mation).

ContinuousCM [optional]
The colormapthatis usedto mapvaluesof oat attributesto colors.

64 Chapter2: Alphabeticindex of Modules



DiscreteCM [optional]
The colormapthatis usedto mapvaluesof discreteattributes,e.g.,integersandstrings,to colors.

Ports
Mode

Selectoneof threemaindisplaymodes:balls, sticks,or ballsandsticks. The defaultis sticks.

Quality

The appearancef the ballsandstickscanbe alteredby selectionof oneof two differentqualities,
a fastmodeanda correct mode. The fastmode shavs sticks aslines and spheredy rendering
a squarewith the imageof the sphere. This permitsthe display of large numbersof spheresat
interactve speed.However, shaving theimageof a spheremeanghe 3D expansionof the sphere
in only two directionsis takeninto account.As long asnoneof the spheresntersecttherewill be
no visible differencebetweenspheresiravn in fastmodeandspheresiravn in correctmode. In
thecorrectmode,spherearerepresenteddy texturedtriangularmeshesandsticksby cylinders.

Options

Singleradius displayall atomswith the sameradius.

Bondtype (only in fast quality mode) display correctbondtype, e.g., single, double, triple, or
aromatic.

Torsionangles displaytorsionanglesby the useof a coil aroundthe stick.

Atom radius

If the optionsingleradiusis selectedthe valuegivenherewill beinterpretedasthe sphereradius
for all atomspheresOtherwisethevaluescaleghevanderWaalsradiusof theatom.

Bond radius

Radiusof cylindersrepresentindponds(only visible in correctdisplaymode).

Twist factor

Allows adjustmenbf thetwist of thecoil.

Molecule\few 65



Coloring

Thefour portsabore aredescribedn the generakectionon visualizationof molecules

Highlighting

This port providesfunctionality for selecting(or highlighting) atomsin the viewer window. For
moreinformation,seethe descriptiorof the highlightingportin thegenerakectionon visualization
of molecules

Buffer

Thisportisthefrontendtoa lter thatdetermineshesetof atomsbeingdisplayedby theMolecule-
View. Thebuttonsaredescribedn the sectionon visualizationof molecules

Commands

setTextureAntiAliasing <value>

This commandenableg1) or disables(0) antialiasingfor the texturesusedin fastspheremode.
Antialiasinghasnoimpactontherenderingspeed However, if antialiasings enablecandyouhave
mary differentcolors,the generatiorof thetexturesmight be considerablslower.

2.14 Observables

This moduleis usedto displayinformationabouta moleculartrajectory All propertiesstoredin the
trajectorycanbedisplayedg.g.,potentialenegy, kineticenegy, total enegy etc.

Connections
Data [required]
Themoleculartrajectoryfor which propertiesshouldbe displayed.
Time [optional]

A time objectthatmaybe connectedo the modulein orderto synchronizeg.g.,aviewing module
with theline in the plot window, indicatingthe positionof the time stepwithin thetrajectory
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Ports

Option

The two optionsallow you to specifywhich kind of value,root meansquake deviation (rmsd)or
someobsenablevalue,shouldbe displayed.The obsenabletype needso be further speci ed by
the Observableport.

Alignment

Thethreeportsabove specifyhow the moleculesaretransformedeforecomputingthermsdvalue.
Seethe descriptionin the generakectionon alignmentof moleculedor a detailedexplanation.

Observable Type

Choosehetypeof propertythatshouldbe plotted.

Action

Plotthe Observabléelypewithin a new window.

Plot Option

Selectthe rst toggleif the valuesof the plotted propertiesat the currenttime are showvn in the
plot window. If the secondoptionis selectedpnly a singleplot will be shovn, andchangingthe
Observablelypewill updatethe currentplot.

Time

This port is mostusefulin conjunctionwith a viewing modulein orderto seethe propertyof the
displayedtime step. In orderto createa time object, click the Time slider with the right mouse
button and selectCreatetime from the menu. As a resulta time objectwill appearin the object
pool, which shouldbe connectedvith anobjectof type Moleculewhich canbevisualizedwith, for

example the Molecule\Vilew module.
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2.15 PrecomputeAlignment
Thismodulecanbe usedto generate dataobjectthatcontainsanalignmentfor every stepof awhole

trajectory

Connections

Data [required]

Themoleculemustbe connectedo the moleculardynamicgrajectorythatthealignmentshouldbe
computedor.

AlignMaster [optional]
Referencamolecule.

PrecomputedAlignment [optional]
Youwill nd thedescriptiorof theabovetwo connectionén thesectionon alignmentof molecules

Ports

Mode

Two modesareavailable.In the rst mode(simplealignmen}, themoduleactsasarecordeifor the
time-step-basedlignmentglescribedn the sectionAligning Molecules In thesecondnode(mul-
tiple alignmen}, the meansquaredlistanceof every time stepto all othertime stepss minimized.
A referencenoleculecanbe connectedo specifyatomsto betakeninto account.If areferencas
connectedthe meanof the alignedtime stepswill bealignedto thereference.

Alignment

You nd thedescriptionof thethreeportsabore in the sectionon alignmentof molecules

Action
Pressinghis buttonstartsthe computatiorof thealignment.
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2.16 SecStructurView

This moduleprovidesthe functionality for viewing the secondarystructureof a molecule.lt relieson
theinformationgivenin the dataentry of the connectednolecule.Helices,sheetsandturnscanonly
bedisplayedf informationaboutthesestructureshasbeenreadin (for examplefrom a pdb le).

The backbonewill beinterpolatedy usingthe coordinateof thoseatomswhosetypeis setto “N”,
“C” and“CA". If the atom-typeattribute doesnot exist (for example,moleculesthat have beenim-
portedfrom UniChem les) no backbonecanbeviewed.

The user interface of the moduleincludesgeneralportsto con gure the overall appearancef the
molecule,aswell asspeci ¢ portsfor eachsecondanstructuretype. The latterlet you adjusttype-
speci ¢ parameterssuchascolorsor widths. To switchbetweerthe speci ¢ ports,click on thestruc-
turetypeyouwantto con gurein the View Optionsport.

Selectingand Highlighting: Partsof the moleculecanbe selectedby clicking onto speci ¢ regions
in the selectionmode(you canswitch to the selectionmodeof the viewer by pressinghe ESCkey).
The default level of the structurethatis selecteds the "residue” level. A detaileddescriptionof the
selectionconceptcanbe foundin the sectionvisualizationof molecules Selectedstructureswill be
highlightedin the color thatyou choosen the port Highlighting Color.

Connections

Data [required]
Themoleculethatis to beviewed.

Ports
General Ports:

General Shape

This port determineghe generalshapefor viewing the secondarystructure. The following view
modesareavailable:

Cartoons: In the cartoonmode,you canselecta view modefor eachsecondarystructure
type separately The backboneand the turnswill be shavn astubesthat run throughthe
centralatomsof eachresidue.For helicesandsheetsadditional(moreabstractyiew modes
like cylindersor arrows areavailable. You cancon gure thesesubmodes$n the speci ¢ port
sectionsfor the secondarystructuretype. This is the modemostfrequentlyusedfor repre-
sentingthe secondangtructureof amolecule.However, dueto its comple triangulation the
renderingperformancas distinctly worsethanthatof the othertwo modes.

Threads: Thebackbonewill bedravn asa setof linesrunningparallelto the peptideplanes
of theaminoacids.Thismodewill shav thesurfaceorientationof thebackbonethusmaking
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partscontainingsymmetrieqlike helicesor sheets)easilyrecognizable It is alsothe view
modewhich canberenderedastest.

Flat Ribbons: Sameas the threadmode, but the areasbetweenthe lines will be a lled
surface thusgiving a bettersurfaceimpressiorwith the trade-of of slightly lowerrendering
performance.

Solid Ribbons: Unlike at ribbons,solid ribbonswill have anelliptic crosssection.

ThreadsLine Width

This sliderletsyou adjustthewidth of thethreads-lines.

View Options

To switchbetweerthe optionsof the differentstructuretypes,you canusetheseradiobuttons.The
optionportsfor thedifferentstructurewill thenbevisible.

View Structur es

Thisportcanbeusedto Iter outthedisplayof all sheetshelices,or turns. Thebackboneartswill
bedisplayedasrandomcoil tubesinstead.
Filter

The secondanstructureview alsoemploys a Iter which canbe usedto hide certainpartsof the
molecule. You canhide sectionsby usingthe selectionbrowser This portis explainedfurtherin
the sectionvisualizationof molecules

Complexity

The Compleity port allows the adjustmentof the overall exactnesf the structuresdisplayed.
It will in uence the numberof pointswith which the backbonecoordinateswill be interpolated
aswell asthe detail of triangulationor the numberof lines in the threadview mode. If you are
viewing large moleculeson a machinewith slow graphicshardware,turnthis valuedown to amore
appropriatesalue.

Highlighting Color

Letsyou choosdn which color selectedesidueswill behighlighted.
BackbonePorts:
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BacknoneWidth

With this port you canadjustthewidth of the backboneshonvn asthreadsor ribbons.A similar port
exist for the othersecondanstructuretype.

BacknoneEccentricit

If the generalshapeis solid ribbonsthis portslets you con gure the elliptical eccentricityin the
rangebetweerD (completely at ellipse)to 1 (circle). A similar port existsfor the othersecondary
structuretypes.

BackboneTube Radius

This portletsyou changehebackboneadius.

Coloring

Thefour portsabove aredescribedn the sectionon visualizationof molecules Similar portsexist
for helixces sheetsandturns.

Helix Ports:

Helix shape

This port letsyou choosebetweerdifferentmethodgor viewing helicesin cartoonmode.

Tube: The tube view will shawv the helix by draving a tube connectingthe interpolated
backbonecoordinates.

Cylinder: Thecylinderview will approximate¢heaxisusingaleastsquaregrrorminimiza-
tion for thesumof the distancedetweerthe backbonecoordinate®f the helix andthe axis.

Theseaxeswill beusedto centerthe cylindersfor the helices.

Ribbon: Theribbonview is simlilar to the tuberepresentatiomxceptthat the backbonds

shawvn usinga surfacewhosenormalsaresetperpendiculato the peptideplanes.
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Helix Radius

With this port you canadjustthe radiusof the showvn tubes or cylinders.

SheetPorts:
SheetShape

This portletsyou choosebetweendifferentmethoddor viewing sheetsn cartoonmode.

Tube: Thetubeview will displaythesheeusingatubeconnectingheinterpolatedackbone
coordinates.

Arr ow: Thearrow view will displayarrowvsthatindicatetheorientationof the peptideplanes,
thusshawing the surfacedeterminedy the hydrogenbondsbetweerthe strands.

SheetArr ow Width

Thisportis visible if you view thesheetsasarrows. It determineghewidth of thearrows.
SheetArr ow Height

This portis visible if you view the sheetsaasarrows. It determineghe heightof thearrows. If the
heightis 0 anoptimized(andfaster)triangulationwill beused.

SheetArr ow Options

Thebroadheadoptionwill shaw thestartof thearron headwiderthanthearrow tail. Thesmoothed
optionwill Bezierinterpolatethe backbonecoordinateof the sheeto producea smoothewisual-
izationof thesurface.

SheetRadius

If youview the sheetsastubes this portletsyou con gure theradiusof thetubes.

Turn Ports:
Turn radius

This portletsyou specifytheradiusof theturn tubes.
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Commands

The consolewindow offers someadditionalfunctionality. The easiestvay to usethe consolefor
a SecStructureMw is to click on the viewer objectin the objectpool andthenpressthe TAB key
in the consolewindow to displaythe nameof the selectedbbject. After the nameyou canusethe
following selectioncommands:

setResidueTransparency <residuelndex> <transparency>

Will setthe transpareng of the residuewith index jresiduelndgg, to the value of jtranspareng,
whichmustbein theinterval [0,1].

setSecStructTransparency <seclndex> <transparency>

Sameasabove but will affectall residueof the secondargtructurejsecixg,.

setResidueColor <residuelndex> <r> <g> <b>

Will setthe color of theresiduewith index jresiduelndg¢ to thecolorwhichis givenin rgbvalues
in theintervall [0,1]. Theeffect of the changewill beundoneassoonasyou changea coloringport
of themodule.

setSecStructColor <seclndex> <r> <g> <b>
Sameasabove but will affectall residueof the secondangtructurejsecindey,.

setSpeculatiry <s>
Setthespecularityto js¢where0 is minimaland1 is maximalspecularity

2.17 TubeView

With the Tube\few moduleyou canconnectanarbitrarysetof consecutre atomswith atubethrough
interpolatedatomcoordinates.To de ne the atomset,you canuseatomexpressionsThe orderwith
whichtheatomsareconnecteds determinedy their sequence.

Selectingand Highlighting: Partsof the moleculecanbe selectedby clicking onto speci c regions
in the selectionmode(you canswitchto the selectionmodeof the viewer by pressinghe ESCkey).
A detaileddescriptionof the selectionconceptcanbefoundin the sectionvisualizationof molecules
Selectedstructureswill behighlightedin the color thatyou choosén theport Highlighting Color.

Connections

Data [required]
Themoleculeyouwantto beshawn.

Ports
Part
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ThisportletsyouenteranatomexpressionTheatomexpressiorwill determinghesetof atomsthat
will be connected.The default valueis badkboneeducedwhich meanghatthe tubewill indicate
thelocationof polypeptideandRNA/DNA backboneatoms.

To restrictthedisplayto justafew atomsit is morecorvenientto usethe Iter thatcanbeaccessed
with the SelectionBrowser To includeatomsin the sequencéo be shovn it mustbe active in the
setde ned by theatom-epressioraswell asthe Iter.

DistanceCutoff

All atomsthatarefurtheraway thanthe speci ed valuewill notbeconnected.
Radius

This port speci estheradiusof thetube.

Inter polation Method

Thetubecoordinateswill beinterpolatedby usingthe atomcoordinatesasbasepoints. This port
lets you choosethe interpolationmethod. BSplineinterpolationis generallysmootherthan cubic
interpolationbut thetubewill not necessarilyunthroughtheatomcoodinates.

Complexity

This port speci esthe compleity of the tubetriangulationaswell asthe numberof interpolation
pointsto beaddedetweereachatomcoordinate Thehigherthevaluethebetterthedisplayquality
but the slower therendering.

Coloring

Youwill nd thedescriptionof the four portsabove in the sectionon visualizationof molecules
Highlighting Color

Tubesectiongthat belongto atomsthat have beenhighlightedwith the SelectionBrowserwill be
shawn in this color.
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Chapter 3

Alphabetic Index of Data Types

3.1 MolSurface

The dataclassMolSurfacerepresentsnolecularsurfacesin amira, generatedy the computational
modulesCompMolSurbceand CompMolinterfice The classMolSurfaceis derived from the class
Surfaceandhence gverythingthat canbe donewith anobjectof type Surfacecanalsobe donewith
anobjectof type MolSurface Additional informationstoredin classMolSurfaceincludes:

themolecularsurfacetype,i.e., vanderWaals,solventaccessiblegr solventexcludedsurface,
thesolventproberadius,

for eachmoleculethatcontributedto the surface its numberof atoms,

andfor eachpointor triangle theindex of theatomit belongsto.

The entire functionality of the editorsprovided for objectsof type Surfaceis available, including
simpli cation. However, somecareneeddo betaken. If you modify the numberof pointsor triangles,
the moduleMolSurfaceView will nolongerbeableto color the surfaceaccordingto atomattributes.
In contrast,otheroperationssuchasedge ipping to improve the surfacequality, will not affectthe
representation.

Connections

Master [optional]
Connectiorto themodulethatgeneratedhe molecularsurface.

Commands

For a descriptionof Tcl commandsseethe documentatiorof the Surfacedataclassin the amira
Users Guide.



3.2 MolTrajectory

An objectof type MolTrajectoryrepresents seriesof molecularcon gurations. A trajectorycanbe
createdby loadinga le containingatrajectory or it canbeattachedo anobjectof type MolTrajecto-
ryBundle extractingoneof thetrajectoriexcontainedn thatbundle.

Connections

Bundle [optional]

The trajectorymay be connectedo a trajectorybundle If so,the Trajectoryport will appearin
the userinterfaceof the dataobjectwhich enablesyou to controlwhich memberof the bundlethis
trajectoryrepresents.

Ports

Trajectory

TheTrajectoryportis visible only if theconnectiorport Bundleis connectedo atrajectorybundle.
Themenuletsyou selectoneof thetrajectoriescontainedn thebundle.

3.3 Molecule

An objectof datatype Moleculecontainsinformation aboutthe structureof the molecule. Typical

informationthatis storedarethe typesandpositionsof the molecules atomsandthe bondsbetween
the atoms,plus the type of eachbond. Furthermorethe dataobjectstoresinformationaboutgroups
of atomsin a hierarchicalway. For exampleafunctionalgroupconsistof a numberof atoms several

functionalgroupsmayform aresidueanda coupleof residuesnayform a secondanstructure.This

allows quick traversalof the molecules structure.

Moleculescanbe visualizedwith the following viewing modules: Molecule\iew, BondAngleView,

SecStructurelw, or TubeVew. In addition,therearetwo modulesor generatingnolecularsurfaces.
The CompMolSurcemoduleenablesyou to generateéhe solventaccessiblesolventexcluded and
vander Waals surfacesof a molecule.The CompMolinterbcemodulecanbe usedto generatentra-

andintermolecularinterfaces,suchas betweensingle atomsor residuespr betweentwo molecules,
respectiely.

Whencomparingthe structuref severalmoleculeswith eachother, oneis facedwith the problemof
aligningmoleculego eachother This canbe easilydoneby connectinghe AlignMasterconnection
port to a secondmoleculewhich will sene asreference.Thereare several alignmentmodes.If the
moleculeshave the samenumberof atomsyou canalign the two moleculego eachotherby usingall
atomswherebythei' th atomof the rst moleculecorrespondso thei' th atomof thesecondnolecule.
You canalsoselectatomsin eitherthe slaveor the mastermolecule. The slaveis the moleculeto be
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aligned.If themoleculeshave differentnumbersof atoms theonly way to align moleculess to select
atomsin bothmolecules.

Connections

Data [optional]

The moleculemaybe connectedo a moleculardynamicdrajectory. If so,a Time portwill appear
in the working areawhich enables/ou to load new time stepsinto themolecule.

Time [optional]

Sometimest is necessaryto synchronizetwo or more time-dependentlata objects,suchas a
moleculefrom a trajectoryand the correspondingelectrostaticeld. In this case,the Time port
canbeconnectedo a Time object.

AlignMaster [optional]

PrecomputedAlignment [optional]
You nd the descriptionof the two ports above are describedin the sectionon alignmentof

molecules

Ports

Time

The Time port is visible only if the moleculeobjectis time dependenti.e., it is connectedo a
moleculardynamicgrajectory In the slideryou canselecta speci c time step.|If youwish to step
throughthe trajectory usethe buttonsnext to the slider For continousanimation,usethe outer
buttons.

Alignment

Youwill nd thedescriptionof theabove threeportsin the sectionon alignmentof molecules

SelectionBrowser

Presghis buttonif you wish to opentheselectionbrowserfor this molecule.
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Transform

If youwantto transformall atomcoordinate®f themoleculeby thecurrenttransformatiorin order
to save the moleculewith thetransformecdtoordinatedo a le, pressthe Apply button. As long as
the TransformEditor is active you canalsoundoyour actions.

Commands

You canusethe consolewindow for enteringadditionalcommandgor molecules.The easiestvay

to usethe consolefor amoleculeis to click onthe moleculeobjectin theobjectpoolandthenpress
the TABkey in the consolewindow to displaythe nameof the selectedbject. After the nameyou

canusethefollowing selectioncommands:

list
Listsall levelsde ned for themolecule.

list <levelName>
Lists all groupsof level levelName

list <levelName/[groupName|groupRange]>
Printsinformationabouta singlegroupor multiple groupsspeci ed by agrouprange.

define  <levelName/groupName> <groups>

This commandde nesa new groupgroupNamen thelevel levelName If levelNamedoesnot yet
exist, it will beaddedasa new level. groupsis alist of groupsof possiblydifferentlevels. Groups
canbespeci edusingranges.

Example: Thefollowing commandde nes grouponein level testconsistingof atoms1 and3 and
residuest to 6.

define  test/one atoms/l atoms/3 residues/4-6

defregexp  <levelName/groupName> <atomExpr>
De ne a new groupby using atomexpressions The new groupwill only containatoms,i.e., no
higherlevel groups.

sel <atomExpr>

Letsyou addatomsspeci ed by atomExprto the currentselection.
Example:Thefollowing commandwill selectall carbonatomswhich arelocatedin helices.

sel a=C AND s/type=helix

desel <atomExpr>
Letsyou remove atomsfrom the selection.
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applyTransform
The currenttransformis appliedto the molecule,i.e., the original atomicpositionsarereplacecby
thetransformedpositions.
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Chapter 4

Alphabetic Index of File Formats

4.1 MDL

Thesdf le formatis partof thesetof MDL le formatsusedfor saving chemicalstructures.
amira usesandwritestheinformationof theatomandbondblocks.

4.2 PDB

PDBisa le formatfor storingstructuref biomoleculesTheformatis usedfor archiving molecules
in the online proteindatabase [http://www.rcshorg/pdb/]

Supported records

amira usesmost,but not all, informationsuppliedin a PDB le. Thefollowing recordtypeswill be
parsed:

HELIX SHEET TURN SITE MODELENDMDLATOMHETATMTER CONECTEND
Therestwill beskipped.

Whensaving a structurethefollowing recordtypeswill bewritten:
HEADERTITLE AUTHOR

SEQRESHELIX SHEET TURN SITE SSBOND
ATOMHETATMTER CONECTMASTEREND

amira supportsPDB les thatfollow the corventionsof PDB formatversion2.0or higher
How to identify PDB groupsin amira

In amira all levels (atoms,residueshonds, ...) containa setof information elds calledattributes.
Everylevel containghe eld “index' whichis aninternalidenti er thatdoesnotnecessarilgorrespond
to thesuccessionf thegroupsin the le.



If the moleculehasbeenreadfrom a PDB le thenthe atom 'name' eld is composedf the chain
nameandthe sequenceaumber(columns? - 11) of therespectie ATOMrecords. The eld 'index'
only correspondso the sequenc@umberif the enumeratiorof pdbatomsis continuous.

The'type' eld containgheinformationof the eld namedatomname'(columnsl3- 16)in thePDB
le.

The 'name' eld of chainscontainghe chainlD (column22) of therespectie ATOMecord. HETATM
recordswhosechainID eld is emptywill notbelongto ary chainin amira. Thechainnameof atoms
belongingto ATOMecordswhosechainIlD  eld is emptywill besetto "NIL".

The "'name' eld of residiuesis composedof the chain nameand the residuesequencenumber
(columns23- 26). If theresidueis a het-groupthe namewill startwith "HET".

The eld “type' containgheresiduenameqcolumnsl18- 20). If noneis given,the eld will besetto
"UNK" (for unknown).

Example:
ATOM 441 CB VAL L 58 21.025 37.362 -2.515 1.00 8.15 1IGM 562

Theatomwill beknownwith name'L441' andcomment CB'. It will belongto theresiduewith name
"L58' andof type "VAL' whichis sitedonthechainwith name’L".

It is possibleto save trajectoriesn the PDB format. Note, however, thatthis is inef cient dueto the
redundanyg of informationof theatomrecordsn eachmodelentry.

Possibleproblems

Somemolecularmodelling packagesuseslightly alteredcorventionsfor saving PDB les. If you
encounterary problemsin readingsuch les pleasecheckthefollowing sectionandadjustyour les
asnecessary

amira canreadseveral modelsof onemoleculeasatrajectory if thedifferentversionsaareseparately
declaredbetweenMODELand ENDMDLrecords. If thereare several possibleconformationsn one
model(by usingalternatdocationidenti cators),amira will readonly the rst version(thatonewith
thealtLocld "A).

Moleculesthataredeclaredasmodelsneedto have the samenumberof atomsasamira will only read
thetopologyonce. Only the coordinatesarereadin for eachtimestep.If you have several differ ent
moleculesin onePDB le, you canseparatehemby ENDrecords.amira will load every molecule
endedby anENDrecordseparatelycreatingits own dataobject.

Theautomatic creation of bondsof peptideandRNA/DNA residuess doneby comparingheatoms
of the residueswith a residuedatabaseThe methodrequiresthe atomnamesandthe residuenames
to follow the PDB standard.Sometimeghird party programsarite atomslike O3* asO3'. This will
preventamira from recognizinghe atomsin the databaseConnectiondetweerconsecutieresidues
is doneby checkingthe sequencef residuef eachchain.Bondsof non-standard residuesmustbe
declaredn theconnectecords.
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Columns77-78shouldcontaintheelementhameof theatom.In somePDB les, this eld is emptyor
containsotherinformation.In this case amira useshe rst two lettersof theatomnameto determine
the atomtype. However, in specialcaseghis is not unequvocal. The eld is not allowedto contain
non-numericalnformation.

All informationin columns79-80is interpretedasthe chage of theatom. Thus,line numberdn this
eld will leadto strangechagevalues.

You cangetcompletedocumentatiorf the le formatathttp://www.rcshorg/pdb/.

4.3 PSF/DCD(CHARMM)

Thisis aformatusedby CHARMM. It consistof two les, onecontainingthe structuralinformation
(sufx .psf),andonecontainingthetrajectoryi.e.,theatomcoordinategsufx .dcd).

amira canreadthis formatandtranslateshe sectionsof thepsf le into groupinglevels.

4.4 Tripos

The mol2 le format is used to save Tripos Sybyl molecule information. See more at
http://www.tripos.com/services.old/mol2/ied.html.

amira usesandwritestheinformationgivenin the moleculeatomandbondrecords.

4.5 UniChem

The UniChem le format (extension uni) is used by the UniChem molecular modelling
software to sae the structure of molecules and computational results.  See more at
http://www.oxmol.com/softvare/unichen/.

amira usesall structuralinformationsuppliedin the COORDINATES andBONDSblocks. Filesthat
areexportedby amira follow le formatversion4.0andcanbeusedwith the UniChemsoftware.

4.6 ZIB Molecular File Format

Thezmf le formatis astructuredle formatdevelopedfor exchangingmoleculardata.

This descriptionis divided into two parts. First we describethe generaland contet-independentle
structure.Secondwe explain our structuringcorventionsfor moleculardata.
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Structured ®les

A structuredle consistf a heademndtwo sections:a plain text sectiondescribingthe le' s struc-
ture,anda binary sectioncontainingthe actualdata:

STRUCTURELFILE V0.1 BINARY_BE MOLECULE_TRAJECTORY

TYPE
struct  {
atoms : array of struct {
id . integer*4;
name . string;
mass : real*4;
properties : integer*4[8];
2
h
DATA;
......... binary data ...........

The le structureis similar to a structureddatatypein C or PASCAL. Therearetwo compositedata
types(array andstruct ), andthreeelementarydatatypes(integer , real , andstring ).
Finally thereexistsa specialtype (extern ) for includingotherstructuredles.

struct  containsnamedelds of arbitraryheterogeneouype.

array containsnumberedelds of the sametype. Arrays are one-dimensionabnly. Their size
caneitherbe speci ed in thetype declaration([Example:array[3] of integer ) orinthedata
section.

real andinteger containnumerical,possiblymulti-dimensionaldata. The numberof bytesin
an elementmay be speci ed using“*n”. At the momentonly 4-byte typesare allowed. The rank
(numberof dimensionsmustbe speci ed in the type declaration. The numberof elementsn each

dimensiormaybe speci edin thetype declaratioror in the datasection(indicatedby “.”). Example:
integer*4[4,.,3]

string  containsASCII dataof arbitrarylength. Againthe lengthcanbe speci edin thetypedecla-
ration (Example:string*22 ) or in thedatasection.

extern is aspecialkind of astring . Thelengthmustbe speci edin the datasection.The string
is interpretedasa structuredle whosecontentsshouldappearaspartof thecurrent le structure.

Thedatasectionis written asfollows:
struct : Theindividualmembersarewrittenin thegivenorder

array : Theelementaresimplywritten oneafteranotherIf thearraysizeis unspeci ed,it is written
in front of thearrayasa 4-byteinteger.
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string andextern : Thedatais written byte by byte. If thesizeis unspeci edin the datatype, it
is prependecsa 4-byteinteger.

real andinteger : Individual elementsarewritten in the formatspeci edin the le headenbig
endianor little endian).Floatingpointnumbersarein IEEE format. Matricesarewrittenin FORTRAN
order If any dimensionis unspeci edin the datatype, it is written asa 4-byteintegerbeforethe data.
If morethanonedimensionis unspeci ed,they (andonly they) arewritten beforethe datain their
naturalorder If adimensions speci edin thedatatype, it is neverwrittenin thedata.Example:

integer[2,.,4] = [ [1234], [5,6,7,8], [9,10,11,12] 1,
[ [13,14,15,16], [17,18,19,20], [21,22,23,24] 11

is written asa sequencef 4-byteintegers.
3113517 921 2 14 6 18 10 22 3 15 7 19 11 23 4 16 8 20 12 24

Theleading3 speci esthedimensionunspeci edin the datatype. The 24 numberghatfollow it are
theentriesof thearray

Molecular data - a minimal ®le

Whenreadinga structuredle containingmoleculardata,amira expectsthe le structureto have
certainelements.Moreover the le may have arbitrary additionalelementswhich will be ignored.
Theminimal structurea moleculardata le mustsupplyis:

struct  {
molecules : array of struct{
name : string;
groupings @ struct  {
atoms : array of struct{
id : integer*4;
type : integer*4;
name : string;
h
2
trajectory : array of struct{
coordinates . real*4[3,.];
¥
h
typbase : struct {
atoms : array of struct{
id : integer*4;
name : string;
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number : integer*4;
radius : real*4;

In thefollowing we will usea notationinspiredby C to denoteelement®f thestructure A struct  's
eld will bespeci edasthestruct followedby a“.” andthenameof the eld. For arrayelements
we will write the arrayfollowedby braclets(“[]"). For example,“molecules[].groupings.atoms[¢”
meanghe eld “id” in anelemenbfthearray “atoms”whichisa eld of thestruct “groupings”

whichisa eld of anelementof thearray “molecules”.

Theoveralltypeof the le isastruct containingthe elds moleculesandtypbase moleculesis an
array of elementseachof which describes molecule.molecules[].namecontainshe nameof the
molecule.

molecules[].goupings speci es the topology of the molecule,i.e., which atomsit contains. Every
elementof molecules[].gioupings.atomsdescribe®neatomof themolecule.atoms|].id is a unique
numericalidenti er. atoms[].typeis anumericalreferenceo a eld in thetypebasedescribedelow.
atoms[].nameis atextualidenti er uniquewith respecto all atoms.lt is usedto specifythisatomon
thecommandine.

molecules[].trajectory is anarraywith every elementdescribingonetime stepof a moleculetrajec-
tory. trajectory[].coordinates hasthe samenumberof elementsismolecules[].gioupings.atomsand
every elementspeci esa positionfor the correspondingtom.

typbase is structured analogously to molecules[].goupings Corresponding to
molecules[].goupings.atoms the array typbase.atoms holds information common to
atoms of the same type. Specically, the type information of an atom is stored in the
molecules[].goupings.atoms[].typeth elementf typbase.atoms

typbase.atoms][].idholds a numericalidenti er that shouldbe identicalto the elementindex. typ-
base.atoms[].namés atextual labelfor makingthetypesusertransparenttypbase.atoms[].number
andtypbase.atoms[].radiusarethe atomicnumberandradiusof anatomhaving thistype.

Bonds

Bondscanbe speci ed by addinganarraynamedbondsto molecules[].gioupings

bonds : array of struct{
id : integer*4,
type : integer*4;
components : integer*4[2];
index : integer*4;
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bonds|[].id is a unique numericalidenti er which should be greaterthan ary value speci ed in

atoms[].id. Analogousto atoms[].type for atoms,bonds[].type speci es a numericaltype for ev-

ery bond,althoughthis informationis not yet interpretedby amira. The arraybonds[].components
holdsthe numericalidenti ers of the two atomsconnectedy the bond. bonds[].index nally indi-

catesif it is asingle(1), double(2), triple (3), or anaromaticbond(4). Thevalue8 indicatesa bond
of unknowvn type.

Molecular data - a big example

Theinformationstoredin the describedle formatcanbedividedinto differentdegreesof generality
Informationstoredin typbaseis speci c to the molecularforce eld usedin the calculationdeading
to a moleculartrajectory It would be redundanto storethis informationin every le for which the
samemolecularforce eld wasused.Thusit canbestoredin anextra le, whichis thenreferencedy
anextern declaration.

A similar mechanismappliesif morethanonetrajectoryis calculatedfor the samemolecule. The
topologicalinformationaboutatomsmakingup the moleculeandbondsconnectinghemwill bethe
samefor all the trajectories. On the other hand,we do not wanta le for every single molecule
topology Thusourtrajectorycanreferencenotherle containingamultitudeof moleculartopologies
andjust supplythetime stepstself.

Thefollowing is anexamplerealizingtheseconcepts:
trajectory le:

struct  {
typbase . extern;
molecules : array of struct{
id . integer*4;
observations : struct  {
global_obs : string[.];
I3
text . string[.];
name . string;
molbase . extern;
trajectory : array of struct{
global_obs : real*4[];
coordinates . real*4[3,.];
I3
h
¥
molbase le:
struct  {
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typbase extern;
molecules array of struct{
id integer*4;
observations struct  {
global_obs stringl[.];
h
text string[.];
name string;
groupings struct  {
atoms array of struct{
id integer*4;
type integer*4;
name string;
h
bonds . array of struct{
id . integer*4;
components integer*4[2];
type integer*4;
index integer*4;
h
dihedrals array of struct{
id integer*4;
components integer*4[4];
type integer*4;
h
residues . array of struct{
id . integer*4;
name string;
remark string;
type integer*4;
from_id integer*4;
to_id integer*4;
h
h
trajectory array of struct{
coordinates real*4[3,.];
h
%
h
typbase le:
struct  {
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atoms . array of struct{

id . integer*4;
type . integer*4;
name . string;
number . integer*4;
periodic_row . integer*4;
mass : real*4;
charge . real*4;
partial_bond charge increment : real*4[2];
radius . real*4;

N_i . real*4;

Al . real*4;

g_i : real*4;
alpha . real*4;
datyp . string;
properties . integer*4[8];
equivalence . integer*4[4];

3

Someyet undescribedeaturesappeatin this example.The rst is the possibilityto supplyscalarob-
senablescorrespondingo the singletime steps.Possiblevaluesaredifferentenepieslik e kinetic and
potentialenegy. The namesof the obsenablesarereadfrom molecules[].obsevations.globalobs][]
in thetrajectory le. Theirvaluesarestoredin molecules[].trajectory[].global obs[].

Besidesbonds the le cancontainarbitrarygroupsof atomsor groupsof groups. Thesegroupsare
organizedn levelswhich appeahereasthe elementof molecules[].goupings

Every level is an array whoseelementsdescribethe particulargroups. Every groupis a structwith
the elds id andtype, andalso elds specifyingthe contentsof the group. id is numericalidenti er
uniqueover all groupsspeci ed for the molecule. Speci cally, the identi ers in onelevel shouldbe
consecutrely numberedandbiggerthanall theidenti ers usedin the precedindevels.

Therearetwo waysof specifyingagroup. Thegeneralway is to specifyall elementsxplicitly. In that
casethe groupcontainsa eld components[]containingtheids of all elementsf the group. If the
elementof agroupcoveraconsecutre sequencef ids, it is sufcient to specifyonly the rst andthe
lastid. In thatcasethegroupcontainghe elds from.d andto.id.

dihedrals aregroupsof four atomsconnectedy threebondslike a chain. Every suchgroupde nes
two intersectingplanes. The angleof intersectionis called a dihedral angle or torsion angle For
performanceeasonamira will readdihedrals only if the moleculehaslessthan500atoms.Torsion
anglescanbedisplayedwith the Moleculeiew.

residuesare groupsrepresentinghe building blocksof a comple« molecule for examplethe amino
acidsof a protein. All groupingscanbe usedto color the moleculein the MoleculeMew or in the
BondAngleView usingthe generalcoloringfacilities
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Chapter 5

Alphabetic Index of Editors

5.1 Molecule Attrib ute Editor

This tool allows you to edit attributesof groupscontainedn a Moleculedataobject. It hasadditional
tabscontaininginterfacesfor exporting attributesto a le or importingthemfrom a le into thedata
object.We will startwith agenerablescriptiorof theattribute concepbf amira followedby a detailed
dessriptiorof thethreedifferenttabs.

The level and attrib ute conceptof amira

In amira, eachmoleculeconsistsof several groupinglevels, which are chemicalsubdvisonsof the
moleculeof differentdegreesof compleity. The levels are orderedin a hierarchyin the way they
dependon eachother The mostbasicsubdvison andthereforethe root of the hierarchicaltreeis
the atomlevel. All bondsor residuesare subdvisionswhich containsetsof atoms,while secondary
structuregonsistof setsof groupsof theresiduedevel, andsoon. In thelanguagef databassystems,
levels areentitiesandgroupsareinstancef theseentities. Figure 5.1 shavs the entity relationship
modelfor the mostcommongroupinglevels.

Eachlevel hasa setof attributes. Attributesare propertiesof groupsof type string, integer, or oat.
Thenumberof levelsandattributesdepend®nthe le formatfrom whichthemoleculeis read.

The Edit Tab
Theedittabof theattribute editor (Figure5.2) offerstwo differenttools:

addition,deletion,or renamingof attributesfrom alevel
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Figure 5.1 Entity relationshipmodelof themostcommonlevels
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Figure 5.2 Attribute Editor

changingof attribute valuesof certaingroupsof alevel

The pull-down widget at the top of thewindow lets you choosethe level to which the actionwill be
applied. The table below will shov all attribute namesof the level in the left column. The second
columnwill containthe correspondingattribute valuesof all completelyselectedyroupsof the given
level.

The colorationof thesetablecells canchangedependingon the attribute andthe selectedyroups:

graybackgroundattributecannotbechangedr deletedattributeis usedasanindex by amira)
white backgroundattribute canbe changedanddeleted

blacktext: only onegroupof thelevel is selected

greentext: severalgroupsof thelevel areselectedbut all of their attribute, valuesareequal

redtext: severalgroupsof thelevel areselectechndat leasttwo attribute valuesof thesegroups
differ (in this caseno attribute valuewill bedisplayedn theright column)

Changingattrib utesor attrib ute values: To changehe nameof anattribute,simply left-click in the
respectie cell of theleft columnandenterthedesirechame.To changeattributevaluesof thecurrently
selectedyroupsclick in thecell in theright column. Exceptfor index attributes(graybackground)all

valuescanbe changedIf severalgroupsareselectecandno valueis displayed(becausesomevalues
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differ), theadjustmenbf thevaluein the emptytablecell will resetthevalueof all groupsto thegiven
choice.Thereforethe color of this attributewill changerom redto green.

To selectgroupsyou canusethe selectiorbrowser

Adding and deleting attrib utes: The lower partof the window lets you add or deleteattributesby
typing the nameinto the text box andusingthe appropriatebutton. Whenaddingattributes,you also
mustchooseaheinternalformattype (string,integer, or oat) with the pull-down menu.

The Export Tab

If you have donecalculationsin amira which createdattributesas a result, you might wantto save
theseattributesto a le which canbe usedby othersoftware (for examplestatisticspackages).This
tabgivesyou a powerfull possibilityto write andformatyour output.

Usinga prede ned format speci cation: To exportattributesto a le you haveto specifytheformat
in the format widget. You canload a prede nedformat speci cation by clicking on the Pred ned
Speci cationbutton. We have includedsomesimple speci cation for commontasks. You canadd
your own speci cationby editingthe le share/moleculestportPrede nitons.aofin yourlocal amira
directory

Creatinga new format speci cation: A completeexplanationof the conceptof theformatingstring
canbefoundin thefollowing section.We will startwith asimpleexamplewhich shallgiveyoua rst
understandingf theideabehindthe concept:

%(atoms)%(atoms,charge)

will write a le which will containthe chage of eachatom. Notethatafterthelastbracletyou have
to enterawhitespaceotherwiseall chageswill bewritten without delimitersbetweerthem.

Iteration-context: The rst thing to think aboutwhenwriting attributesto a le is to decidewhich
level shouldbethebasdevel of information. Thiswill bethelevel overwhosegroupswill beiterated,
the'iteration-context’. Usually this is just the samelevel asthat of the attributesyou want to write.
However, imagineyou wantto write the residuenamesof the residuesachatombelongsto. In this
casetheiterationcontext is the level ‘atoms' while the attribute is of the level ‘residues’. To setthe
iteration-level just type %(levelname).In the examplegivenabove theiteration-cont&t wasthe level
‘atom’.

Text and attrib ute output: Thetext afterthisiteration-contgt de nition speci esthe outputfor each
memberof the iteration-level. It cancontaintwo things: speci cation of attributesand additional
text that might containdelimiter character®r keywordsneededy theimporting function of another
program.Theattributespeci cationhastheform %(levelname,attrintename)Theadditionaltext can
containeverything(inlcluding carriagereturns)exceptthe character%'. In the exampleabove the
attribute speci cationwas%(atoms,chaye)andthe additionaltext wasthetrailing whitespace.

Iteration contextand level dependancy:Anotherexample:
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%(residues)%(residues,index) %(chains,index)

Resultsin atablewhich containgthe chainindex andthe residueindex for eachresidue(afterthelast
bracletacarriagereturnmustbeenteredptherwisetherewouldn't belinefeedshetweertheindividual
entries).

Theslightly modi ed example

%(residues)%(residues,index) %(atoms,index)

mightlook ok at rst glance but whatis theatomindex for eachresiduedn factit is unde nedaseach
residuecancontainseveralatoms. This is a direct resultof the generalconceptof level dependang
If groupsof alevel levl cancontaingroupsof level lev2, levl is saidto bedependanbnlev2. Inside
of aniteration-cont&t only suchlevelswhich dependn theiteration-level or theiteration-level itself
maybeused.

Ending an iteration context: Theiteration-contgt canbe endedby the de niton of a new iteration-
contet or the emptyde nition %(). The latter enablesyou to write text betweendifferentsections.
Example:

ATOM SECTION:

%(atoms)ATOM ix=%(atoms,index) z=%(atoms,atomic_number) isIn-
Res=%(residues,index)

%()RESIDUE SECTION:

%(residues)RESIDUE  ix=%(residues,index) name=%(residues,name)

of courseagainendedby a carriagereturnafterthelastbraclet. The %() wasneededsothatthe text
'RESIDUE SECTION' wouln't berepeatedor eachmemberof the'atoms' iteration-contet.

Specialattrib utes: As atomcoordinatesrenot storedasattributesbut in aninternaldataarrayof the
object,they arenot directly available. However, you canwrite themby using%(atoms,coordinates)
whichwill beinternallytranslatedrom anattribute acces¢o anacces®nthedataarray It will write
thex, y andz coordinateslelimitedby whitespaces.

Options: The option write selecteconly will limit eachiterationcontext to thosegroupswhich are
currentlyselectedFor unselectedjroupsno outputwill be produced.

The Import Tab

If youwantto useresultsof otherprogramsn amira you canimport themasattributesof groups.An
exampleis the commontaskof generatingpartial chageswith a molecularforce eld tool andthen
readingthemin to examinetheresults.
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If youhavn't donesoyetyou should rst readthe previoussectionaboutexportinga le, asthesyntax
of the export format string canbe consideredo be a simpleform of the syntaxof the import format
string.

Usinga prede ned format speci cation: Justasfor exportingattributesyou canalsoloadprede ned
formatspeci cationwith the Prede nesSpeci cationsbutton. You caneditthe speci cationin the le
share/molecules/importPrede nitongyéh yourlocal amira directory

Rangeof application: Whenyouwantto importanattributeyour rst taskwill beto take alook atthe
le toanalyzeits structureandto nd theinformationthatyou need.If theinformationin the le isin
nestedstructurest is recommendetb transformthe le into asimplerformatby writing for example
aperlscriptor to write your own amira internalreademethodusingAmiraDev.

Most of the les you will encountethowever containinformationsimply delimitedby certainchar
actersor keywords or locatedin certaincolumnsof the le. If the formatis quiet complicatedit
is sometimeshelpfull to preprocesshe le via the unix-commandsegrep' and'cut' to cut out the
informationneeded.

Iteration-context and attrib ute speci cation: To gettheideabehindtheimportformatsyntaxhere
is anexamplefor avery simple le format:

%(atoms)%(atoms,charge,float);

This code expectsthat thereare as mary chage valuesin the le asthe numberof atomsin the
molecule gachseperatedby a semicolon.

Thusthe format string hasthe sameconceptof aniteration-contat asthe export method. The only
new partin the exampleis thetype speci cation' oat' whichis neededf theattributeis not allready
existantinsideamira. If it is you canomit thetype. Type canbe'integer' 'string’' or ' oat'. Another
differenceto the export formatis thatyou canspecifyonly attributesof the samdevel astheiteration-
level.

Skipping characters: If you wantto specifythattheremay be anarbitrarynumberof characterof
sometypeyou cando soby %”char™. In theexample

%(atoms)%(atoms,charge)%" 0" M

would be neededf theremay be an arbitrary numberof whitespacebetweenhe chage valuesand
the semicolon. You canentermorethanonecharactebetweernthe quotes.It will readandskip ary
charactecontainedn the quotesuntil thetokenbehindthe asterikis found. If thetokenis nota literal
but anattributespeci cationit will skipthecharactersintil the rst occurancef atokenthatmightbe
of the sametype asattribute. The quotedcharacterganof coursealsocontaina linefeed. A %* will
skip any character
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An often occuringproblemis that your informationis locatedin a certainsectionof the le which
is initiated by a certainkeyword. To jump to this sectionsimply type %*keyword. The following
examplecould be usedfor the TRIPOS le formatwhich usesthe' @i TRIPOS¢;AOM' keyword to
initiate its atomblock.

%*@<TRIPOS>ATOM
%(atoms)%(atoms,index) %(atoms,atomic_symbol,string)%*

Anothercommonproblemis to skip a token. Considerfor examplethat at the startof eachline is
somealphanumericatoken followed by one or more spacedollowed by the attribute you want to
read. Typing all characktersvhich canbe skippedwould be tedious,but you cande ne rangesby
using[charl-char2] Thusthe examplelookslike

%(atoms)%"[a-z][A-Z][0-9].,_-"*%" "%(atoms,charge,float)%o*

Notethattherangeis interpretedasarangeof the ASCII positionsof thegivencharackters.
Usinga le-inter nal iteration: Take alook atthefollowing example:

%(atoms)ATOM: %" "*9%(atoms,index)%" "*%%(atoms,charge)%o*

Thede ned iteration-cont&t won't be neededecausdor eachchagevaluewe know theatomindex
it is associateavith. Thus,the index hasthe function of anown le-internal iteration-cont&t. This
allows to import attributesof only a part of the groupscontainedin the molecule. You will need
to specify the iteration context 'atoms' however to make it clear which partsof the format string
constitutesthe patternrepeatedlysearchedor in the le. This however only appliesif the index
attribute hasbeenread rst, if thereareotherattributesbeforeit in the sameiterationcontext it will

notoverrulethe context.

Reading information in prede ned columns Some le-formats (like pdb) do not use delimiter
characterdut have prede ned columnsin which informationis located. To accesghesecolumns
you can add width numbersto the attribute speci cationsand skip speci cations. The formatis:
%width(levelName,attribteName, attribte Type)and%width*.

If the chageattribute you wantto readis locatedbetweerthe 50thand59th columnof eachline you
couldspecifytheformatlik e this:

%(atoms)%49*%10(atoms,charge)%o*

followed againby a linefeed. The rst 49 columnsof eachline will be skipped. Thenthe chage
attributewill bereadfrom the next 10 columnsandtherestof theline will be skipped.
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Figure 5.3 TransformTab

5.2 Molecule Editor
4

Thistool canbeusedto changeahe geometryandtopologyof a Moleculedataobject. To changegroup
attributes,you canusethe MoleculeAttribute Editor.

Most of the editor'sfunctionsareappliedto setsof atomswhich canbeselectedy usingthe selection
browseror by directly clicking on atomsin theviewer.

Themoleculeeditor, Figure5.3, hastwo tabs:

The Transformtab containsall tools to changethe geometryof selectedatomsby adjusting
positions bondlengths torsionalanglesandbondangles.

The Tools tab offers methodso split or copy partsof the molecule,aswell asaninterfacefor
addingor removing bondsbetweeratoms.

Transform Tab

The transformtabis divided into four differentsections.Eachsectioncanbe usedto adjustcertain
coordinate®f the currentlyselectecatoms.The differentcoordinatelypesare:

Position is the Cartesiancoordinateof an atom. If several atomsare selected,only relative
changesreallowed.

BondLengthis thedistancebetweerntwo selectechtoms.
BondAngleis the planaranglebetweerthreeselectecatoms.
BondTorsionis thedihedralanglebetweerfour atoms.
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Figure5.4; Editing a dihedralwhile viewing the anglewith themeasuremenodule

Coordinateganbe setabsoluteor relative to their currentvalue. In eachsection the upperrow (with
gray backgroundfisplaysthe currentabsolutevalue. In the lower row (with white backgroundyou
canentera new value. In theright partof eachsectionarethreebuttons. The rst buttontransforms
the coordinatewhile assuminghatthe enteredvalueis anabsolutevalue. The secondoutton simply
appliesthe transformationwith the enteredvaluetext asa relative difference. The third button will
activatea draggerin the viewer for adjustingthe coordinatenteractively. Figure5.4 showvs the bond
torsiondraggemsanexample.The Measurememhodulecanbeusedto displaycurrentlyeditedbonds
or angles.

Which buttonscanbe usedandwhich aredisableddepend®nthe numberof currentlyselectedatoms.

An additonaltoggle button canbe found in the Bond Angle section. If this toggleis actvated,the
interactve adjustmentith thedraggemill causebothbondsto bebentsymmetrically otherwiseonly
onebondwill bebent.

The positiondraggercanbe movedonthe planedeterminedy thefaceof the cubicdraggetyou click
on. You canadditonallyrotatethe selectedyroupsby draggingthe greenknobs.
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Figure 5.5 ToolsTab

ToolsTab

Thetoolstabis subdvidedinto two sections:

ChangeTopology

The cut button will cut the currently selectedgroupsout of the molecule. The split buttonwill do
the samebut will copy the groupsinto a new moleculewhich will be addedin the objectpool. The
copybuttonwill leave the currentmoleculeunchangedvhile copying the selectedyroupsinto a new
moleculewhichwill be addedto the objectpool. Whenpressinghe add button,awindow will open
which will let you chooseanothemoleculein the object pool whosegroupsyou wantto addto the
currentmolecule.

Connection

The Connectionsectionoffers differentoptionsfor in uencing the bondingof the currentlyselected
atomsOntheright sideof theinterfacearebuttonsfor addingor removing bondsbetweerthecurrently
selectecatoms.Thesetof bondswhichwill beaddedor removedwill dependntheconnectiormode
thatyou canchooseon theleft sideof theinterface.

Standad: This is the mostreliable methodfor addingbondsto a proteinor DNA/RNA. 1t will

look up all residuesn a residuedatabasendaddbondsaccordingly This methodwill only
work for moleculesthat containthe residuetype attribute. For connectiondetweendifferent
residuest will checkall residueson a chainsequentially When usedtogetherwith the cut
actionall bondswill beremoredwhich cannotbefoundin the database.

Bond length table This option lets you add bondsbetweenselectedatomsby looking up
their bond lengthsin the le bondLengths.cfgvhich can be found and editedin your local
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amira/shae/moleculeslirectory If thedistanceof two atomsdoesnotdeviatefurtherthanacer
tain thresholdfrom the bondlengthbetweentherespectie elementsn thetable,the bondwill
beadded.This methodis ableto distinguishbetweersingle,double triple, andaromaticbonds.
It shouldbethe rst choicefor non-standardesidueor moleculesot containingresiduenfor-
mation.Justlik e the Standad optionthis modecanalsobe usedtogethemith the cutaction.In
this caseall bondswhich deviatetoo stronglyfrom the bondlengthtablewill beremoved.

External This modecanonly be usedtogetherwith the cut action. It will remove all bonds
betweenselectedand unselectecatomsthus enablingyou to disconnectcertain parts of the
moleculefrom therest.

All: Thismodewill addor remove all possiblebondsbetweerthe selectecatoms.
DistanceCutof: This last mode usesa distancecutoff for decidingwhich bondsto add or
remove. The Maximal Atom Distanceslider determineghe maximal distanceof two bonded
atomsin A. Whenusingthis modetogethewith theaddactionall bondsbetweeratomswhich
arenearerthanthe cutoff distancewill be added.Equally, the cut actionwill remove all bonds
whoselengthis greaterthanthe threshold.
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Button Group

The OK buttonwill closethe editorandacceptall changesnadeto the molecule. The Cancelbutton
lets you returnfrom the editor restoringthe original state. Resettingthe moleculewithout canceling
the editorcanbe donewith the Resebutton. The Applybuttonwill applythe changeyou have made
to the moleculeobject. This meanghatany furtherresetwill returnthe moelculeto the currentstate.
With the Undobuttonary transformatiorcanbe undoneup to 10 levelsbackfrom the currentstate.

Figure 5.6 Button Groupof the MoleculeEditor
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Chapter 6

amiraDecon v Intr oduction

The amira Decorvolution Packageprovides powerful algorithmsfor improving the quality of mi-
croscopicimagesrecordedby 3D wide eld and confocalmicroscopes.Two different methodsare
supportednamelya so-callednon-blindand a blind decorvolution method,both basedon iterative
maximum-likelihoodimagerestoration.In the rst casea measurear computedpoint spreadfunc-
tion (PSF)is required.In the secondcasethe PSFis estimatedalongwith the dataitself.

Thedocumentatiof theamira Decorvolution Packages separatedhto thefollowing parts:

Generakemarksaboutimagedecomolution
Dataaquisitionandsamplingrates
Standardiecomolution tutorial

Blind decomwolutiontutorial
Beadextractiontutorial
Performancéssuesandmulti-processing

Thefollowing modulesarepartof theamira Decorvolution Package:

BeadExtract obtaina PSFfrom abeadmeasurement
Convolution- corvolvetwo 3D images

CorrectZDrop- correctsattenuatiorin z-direction
DataPreprocesshackgroundand at eld correction
Decorvolution- theactualdecowolutionfront-end
FourierTransform computed-FT andpower spectrum
PSFGeneratecalculatesatheorecticaPSF



6.1 Generalremarksaboutimagedecorvolution

Decorvolutionis atechniqueor remaving out-of-focudight in a seriesof imagesecordedria optical
sectioningmicroscopy. Intendedto investigate3D biological objects,optical sectioningmicroscoly
works by creatingmultiple images(optical sections)of a uorescing object, eachwith a different
focusplane. However, besideshe in-focus structureshe imagesusually also containout-of-focus
light from otherpartsof the object, causinghazeandsevereaxial blur. Thisis eventhe casefor a
confocallaserscanningmicroscopewheremostof the out-of-focuslight is removedfrom theimage
by apinholesystem Mathematicallytheimageproducedy any microscopicsystencanbedescribed
asthe corvolution of theidealunblurredimageof the specimerandthe microscopes so-calledpoint
spreadunction (PSF),i.e., theimageof anideal point light source.With theinverseof this process,
calleddecorvolution, a deblurredimageof the specimercanbe obtained provided the point spread
functionis known or atleast,canbe estimated.

The amira decomwolution packagemainly providestwo variantsof a powerful iteratve maximum-
likelihoodimagerestorationalgorithm, namelya non-blindoneanda blind one. The differencebe-
tweenthemis thatin the rst casea measurear computedooint spreadunctionis usedwhile in the
secondtasethePSFis estimatedlongwith thedataitself. Maximume-likelihoodimagerestoratiorcan
be consideredasthe de-factostandardor decorvolution of 3D optical sections.Although computa-
tionally quite expensve,the methodis ableto signi cantly enhancémagequality. At thesametimeit
is very robustandinsensitve with respecto noiseartifacts.However, it shouldbenotedthat,although
rejectingmostof the out-of-focuslight, by no meansall of it is rejected. Therefore somenoticeable
hazeremainsin theimages.Also, theimagesretaina substantiabxial smearingn z-direction,which
cannotberemovedby ary decorwolution algorithm.

At the rst sightonemaywonderwhy botha non-blindandablind decowolutionalgorithmarepro-

vided in amira, althoughblind decowolution seemgo be more generalsincethe PSFis calculated
automatically Oneansweris thatblind decorvolution is computationallyeven more expensve than

non-blinditeratve maximum-likelihoodimagerestoration.The otheransweris thatin a blind decon-
volution algorithma meaningfulestimateof the PSFcanonly be computedf sesereconstraintsare

imposed For example,atrivial solutionof theblind decowolution problemwould beanimagewhich

is identicalto theinputimageanda PSFwith theshapeof anidealdeltapeak.Obviously, this solution

isn't usefulatall. Therefore,f for exampleconfocaldatais to be decowolvedthe algorithm ts the

actualPSFin suchaway thatit lookslike a possiblemeasured®SFof a confocalmicroscope.More

preciselythe t is constrainto bein agreementvith the experimentaparametergtherefractveindex

of themedium,the numericalapertureof the objective andthe voxel-sizes).Sometimesthis canlead

to wrong results,for examplewhenthe confocalpinholeapertureof the microscopewvasnt stopped
down sufciently duringconfocalimageacquisition,n which casethe microscopeactuallydidn't be-

have like atrue confocalmicroscope As a matterof factyou shouldtry which approactprovidesthe

bestresultsfor your own imagedata,blind decowolution or non-blind decowolution with eithera

measurear anautomaticalljcomputedSFE
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6.2 Data acquisition and samplingrates

In orderto obtainbestquality whendecomwolving microscopicimagessomefundamentafuidelines
shouldbe obeyedduringimageaquisition.Goodresultsmaybe obtainedevenif someof theseguide-
linesarenotfollowedexactly, butin generathe chancego getsatistctoryresultsimproveif they are.
Below we discusghe mostimportantrecommendations.

Adjusting the scannedimagevolume

The region of interestshouldbe centeredin the middle of the imagevolume, asthe optics of the
microscopehasusually the leastaberrationgn this region andit helpsto avoid possibleboundary
artifacts, which can arise during the decowolution procedure. Especiallyfor wide eld datait is

importantto recorda sufciently large (preferablyempty)region belov andabove the actualsample.
Ideally, this region shouldbe aslarge asthe sampleitself. For example,if the samplecovers100
micrometerin z-direction,the scannedmagevolume shouldrangefrom 50 micrometerbelow the

sampleto 50 micrometeraboveit.

Choosingthe right samplingrate

Thesamplingrateis determinedy the pixel sizesin x andy directionaswell asthedistancebetween
two subsequembptical sectionsboth measuredn micrometers Generallyspeakingjmagedecowo-

lution works bestif the datais apparentlyoversampledi.e., if the pixel or optical sectionspacingis

smallerthanrequired. The maximalrequiredsamplingdistancg(Nyquistsampling)to avoid ambigu-
ities in thedatacanbe obtainedfrom considerationin Fourierspaceyielding

b = aNAT

where denoteshewavelengthandNA is the numericalapertureof the microscope Similar consid-
erationsyield for the maximaldistancebetweeradjacenimagedplanes:

%= 30@ cos( )’
wheren denotegherefractive index of the objectmediumandal pha the aperturehalf angleasdeter
minedby NA = n sin( ).

For a confocalmicroscopeboth the in-planesamplingdistanceandthe axial samplingdistanceneed
to be in theory approximately2 times smaller However, this requirements far to strict for most
practical casesand even in the wide eld case,approximatelyfull lling the abore requirementss
oftensufcient.

The total numberof optical sectionsis obtainedby dividing the heightof the imagevolumeby the
samplingdistanced, . It shouldbe mentionedhatdecomwolutionalsoworksif the samplingdistances
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arenot matchedrigorousy but matchingthemimprovesthe chancedo getgoodresults. In general
oversamplingheobjectis lessharmfulthanundersampling, with oneexception:In caseof confocal
datathe samplingdistanced,, shouldnotbe muchsmallerthanindicated,if the blind decowolution
algorithmor the non-blind decowolution algorithmtogetherwith a theoreticallycomputedconfocal
PSFareused.Otherwisethe unconstrainMaximumLik elihoodalgorithmandthe predominantoise
in thedatamight leadto unsatishctoryresults.

Black level and saturation

Before grabbingimagesfrom the microscopes camerathe light level shouldbe adjustedin sucha
way that saturatecpixels, eitherblack or white ones,areavoided. Saturatecpixels are pixels which
are clampedto either black or white, becauseheir actualintensity valuesare outsidethe rangeof
representablentensities.In any case saturatiormeansa lossof informationandthuspreventsproper
post-processingr decowolution. At the sametime animmoderatehigh backgroundevel shouldbe
avoided,sinceit decreasethe dynamicrangeof theimagingsystemandthe decorvolution performs
worse. This meanghat emptyregionsnot shaving ary uorescenceshouldappearalmostblack. A
backgroundevel closeto zerois especiallyimportantwhenbeadmeasurementsreperformedn order
to extractanexperimentapoint spreadunction. Detailsarediscusseds a separateéutorial aboutbead
extraction

6.3 Standard Decorvolution Tutorial

This tutorial explainshow 3D imagedatasetscanbe decomwolvedin amira. It is asumedhat the
readeris alreadyfamiliar with the basicconceptf amira itself. If thisis notthe case,t is strongly
recommendedb work throughthe standardcamira tutorials rst. In this sectionthe following topics
arecovered:

1. Prerequisite$or decowolution
2. ResamplingameasuredPSF
3. Decorvolving animagedataset
4. CalculatingatheoreticalPSF

As anexamplewe aregoingto usea confocaltestdataset(polytrichum.am providedwith theamira
decowolutionpackageThedata le islocatedin thedirectoryAmira-3.0/data/decon

Loadthedatasetpolytrichum.am
Visualizeit for exampleusinga Projection\few module.

Thedatasetshaws four chloroplastsn a sporeof the mosspolytrichumcommune.
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Prerequisitesfor decorvolution

Besidegheimagedataitself for the standardhon-blinddecowolutionalgorithmalsoa so-calledpoint

spreadfunction(PSF)is required.The PSFis theimageof a singlepoint source por asa closeapprox-
imation,the imageof a single uorescing sub-resolutiorsphere PSFimagescaneitherbe computed
from theory(seebelow) or they canbe obtainedfrom measurementdn the latter casetiny so-called
beadsarerecordedunderthe sameconditionsasthe actualobject. This meanghatthe sameobjective

lens,the samedye andwavelength,andthe sameimmersionmediumareused. Typically, theimages
of multiple beadsareaveragedo obtainan estimateof a singlePSFE amira providesa modulecalled

BeadExtracfacilitating this process.The useof this moduleis discussedn a separatéutorial about
beadextraction.At this pointlet ussimply loada measuredPSFfrom a le.

Loadthe datasetpolytrichum-psfam
Usethe Projection\few moduleto visualizeit.

ThePSFappearssabrightspotlocatedn themiddle of theimagevolume(Figure6.1). It is important
thatthe PSFis exactly centered.Otherwise the decowvolved datasetwill be shiftedwith respecto

theoriginalimage.Also, it is importantthatthe PSFfadesout to blackat theboundarieslf thisis not
the case the blacklevel of the PSFimageneeddso be adjustedusingthe Arithmetic module. Finally,

neitherthe PSFnor the imageto be decowolved shouldexhibit intensityattenuationartifacts i.e.,

imagesliceswith decreasedverageintensitydueto exessve light absoprtionin otherslices. If such
artifactsarepresentthey canberemovedusingthe CorrectZDropmodule.

Resamplinga measured PSF

Next, selectboth, the PSFand the imagedata. You'll notice that the voxel sizesof both objects
arenot the same. It is recommendedo adjustdifferentvoxel sizesof PSFandimagedataprior to
decowolutionusingthe Resamplenodule.Thedecowolutionmoduleitself alsoaccountdor different
voxel sizes putis doessoby usingpoint samplingwith trilinear interpolation.Thisis ok aslong asthe
voxel sizeof the PSFis largerthanthatof theimagedata. However, in our casethe voxel sizeof the
PSFis smallerthanthatof theimagedata,i.e., the resolutionof the PSFhigher Usingthe Resample
moduleprovidesslightly moreaccurateesultshere,sinceall sampleswill be Itered correctlyusing
alanczoskernel.

Connecta Resamplenoduleto polytrichum-psfam

Connectthe Refeenceport of the Resamplenoduleto theimagedatasetpolytrichum.am
In the Modeport of the Resamplenodule,choosevoxelsize(seeFigure6.2).
Resampleéhe PSFby pressinghe Dolt button.

The voxelsizeoption meansthat the PSFwill be resampledn a grid with exactly the samevoxel

sizeasthe imagedataset, which is connectedo the Refeenceport. While the original PSFhada
resolutionof 12x 12 x 30voxels,theresample@dneonly has12x 12x 16 voxels. However, theextent
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Figure 6.1 Maximumintensityprojectionof polytrichum-psiam
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Figure 6.2 Resamplinga PSFusingthe Resamplenodule.

of asinglevoxel in z-directionis biggernow.

Decorvolving an imagedata set

After asuitablePSFhasbeenobtainedwe arereadyfor decowolving theimagedataset. This canbe
doneby attachinga Decorvolutionmoduleto theimagedata.

Connecta Decorvolutionmoduleto polytrichum.am

Connectthe Kernel port of the Decorvolution module to the resampledPSF polytrichum-
pstResampled
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Oncethedecowolutionmoduleis connectedo its two input objects someadditionalparameterseed
to be adjusted(for a detaileddiscussiorof theseparameterseealsothe referencedocumentatiorf
the Decorvolutionmoduleitself). Figure6.3 shavsthesesettings:

Borderwidth: For decotvolutiontheimagedatahasto be enlagedby a guardbandegion. Otherwise
boundaryartifactscanoccut i.e., informationfrom one side of the datacan be passedo the othet

Thereis no needto make the borderbiggerthanthe sizeof the PSE However, if the datasetis darkat

theboudariesa smallerborderwidth is sufcient. In ourcase)et uschoosehebordervalues0, 0, and
8in thex, y, andz direction.

Iterations: The numberof iterationsof the decorvolutionalgorithm.Let uschoosea valueof 20 here.

Initial estimate: Speci esthe initial estimateof the decorwolution algorithm. If constis chosena
constanimageis usedinitially. Thisis the mostrobustchoice,yielding goodresultsevenif theinput
datais very noisy. We keepthis optionhere.

Overrelaxation: Overrelaxationis a techniqueto speedup the corvergenceof the iterative decormwo-
lution process.In mostcaseghe bestcompromisebetweerspeedandquality is xed overrelaxation.
Thereforewe keepthis choicealso.

Method: Selectshetweenstandardnon-blind)andblind decomwolution. Let us specifythe standad
optionhere.

Theactualdecorvolution processs startedoy pressinghe Dolt button. Pleasepressthis buttonnow.
The decowolution shouldtake about1-2 minuteson a moderncomputer During the decomwolution
the progressharinforms you aboutthe statusof the operation. Also, after every iterationa message
is printedin the amira consolewindow indicatingthe amountof changeof the data. If the change
seemgo be smallenoughyou canterminatethe decorwolution procedureby pressinghe stopbutton.
However, notethatthe stopbuttonis evaluatedonly oncebetweertwo consecutieiterations.

Whendecomwolutionis nished a new datasetcalledpolytrichum.decomappearsn the objectpool.
You might take a look at the decorvolved databy moving the Projection\few connectionline from
polytrichum.anto polytrichum.decon

Calculating a theoretical PSF

Sometimedeadmeasurementaredif cult to perform,sothatan experimentalPSFcannoteasilybe
obtained.In suchcasesa theoreticalPSFcanbe usedinstead.amira providesthe modulePSFGener
ate allowing youto calculatetheoreticalPSFs.The modulecanbe createcby selecting®P SFGeneaite
from the Edit Createmenuof theamira mainwindow.

Oncethe moduleis createdagainsomeparameterfiaze to be entered.The resolutionandthe voxel
sizecanbemosteasilyspeci edby connectingheData portof the PSGGeneaatemoduleto theimage
datasetto be convolved. In our casepleaseconnecthis portto polytrichum.am

In orderto generatea PSFyou alsoneedto know the numericalapertureof the microscopeobjective,
the wavelengthof the emittedlight (to be enteredin micrometers!),andthe refractive index of the
immersionmedium. In our testexamplethesevaluesare NA=1.4, lambda=0.58and n=1.516(oil

112 Chapter6: amiraDeconv Introduction



Figure 6.3 Decorvolution moduleattachedo polytrichum.am
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Figure 6.4 The PSFGemodulecalculategheoreticaPSFs.

medium).Also, changethemicroscopianodefrom wide eld to confocal.

After pressinghe Dolt buttonthe computed®SFappearasanicon labelledPSFin the objectpool.
You can comparethe theoreticalPSFwith the measuredne using the OrthoSlicemodule. You'll
noticethat the measured®SFappeardo be slightly wider. This is a commonobsenationin mary
experiments.

Onceyou have computeda theoreticalPSFyou can perform non-blind decorvolution as described
above. However, for corveniencehe Decorvolutionmoduleis alsoableto computea theoreticaPSF
by itself. Youcancheckthis by disconnectingheKernelportof the Decorvolutionmodule.If noinput
is presentat this port, additionalinput elds are shawvn, allowing you to enterthe sameparameters
numericalaperture wavelength,refractve index, and microscopicmodeasin PSFGeneate. After
theseparameterdiave beenenteredthe decowolution processagaincan be startedby pressingthe
Dolt button.
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Note,thatary previousresultconnectedo the Decorvolutionmodulewill beoverwrittenwhenstarting
the decowolution processagain. Therefore,be sureto disconnecta previous resultif you wantto
compareadecomolutionwith differentinput PSFs.

6.4 Blind Decorvolution Tutorial

Thistutorialexplainshow blind decorvolutioncanbeperfomedn amira. At thesameimeit describes
how decomwolution jobs canbe processedisingthe amira job queue.Like in the previous tutorial it
is assumedhat the readeris alreadyfamiliar with the basicconceptsof amira itself. If not, we
recommendo work throughthe standarémira tutorials rst.

A blind decorvolution example

Let usstartby loadingaraw imagedataset rst.

Loadthe le alphalobeamfrom the directoryAmira-3.0/data/decon
Visualizethe datasetby attachinga Projection\few moduleto it.

The datasethasbeenrecordedusinga standarduorecscencemicroscopeunderso-calledwide eld

conditions. It shavs a neuronfrom the alpha-lobeof the hone/beebrain. Comparedo the confocal
datasetusedin the standardlecomolutiontutorial alphalobeamis muchbigger It hasa resolutionof

248x 248 x 256 voxelswith a uniform voxel sizeof 1 micrometer In the xy-planeof the projection
view the structureof the neuroncanbe clearlyidenti ed. However, the contrastof the imageis quit
poor becausehereis a signi cant amountof out-of-focuslight or hazepresent.With amira's blind

decowolution algorithmwe canenhancehe imagedatawithout needingto know an explicit PSFin

adwance.

Attacha decorvolution moduleto alphalobeam
Adjusttheparameterfike shovn in Figure6.5.

Theindividual parametersave the following meaning:

Border width: Like for standardnon-blind decorvolution the image datahasto be enlaged by a
guardbandegion. Otherwiseboundaryartifactscanoccur, i.e.,informationfrom onesideof the data
can be passedo the other In our casewe only provide a small guardbandegion of 8 voxelsin
x- andy-direction. In z-directionwe do not provide arny borderbecauseahereare sufciently mary
empty slicesbelon andabove the actualneuron. The resultingsize of the dataarrayson which the
computationsare performedthenis 256 x 256 x 256. Because256 is a power of two (28) the Fast
Fourier Transformsthe computationallynostexpensve part of the decorvolution algorithm,canbe
executedsomeavhatfaster

Iterations: We choosea value of 25 here. Dependingon the data,usually at least10 iterationsare
required. With overrelaxatiorbeingenabledseebelow), resultsusally don't improve muchafter 40
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Figure 6.5. Parametergor blind decowolution.
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iterations.

Initial estimate:Speci estheinitial estimateof the decowolution algorithm. Sincethereis notmuch
noise presentin the original alphalobeimagesit is safeto choseinput data here. This causeghe
algorithmto corvergeevenfaster

Overrelaxation: Overrelaxatioris atechniqueto speedup the corvergenceof theiterative decorvolu-
tion processWe enableoverrelaxatiorby chosingthe xed toggle.

Method: We choseblind herein orderto selectthe blind decorvolution algorithm.

PSFParametes: For alphalobeamthe numericalaperturds 0.5,thewavelengthis 0.58 micrometers,
andtherefractive index is 1.33 (water). Theseparameterarerequiredin orderto apply certaincon-
straintsto the estimatedpoint spreadiunction. They arealsousedin orderto computeaninitial PSFE
If adatasetwould be connectedo the Kernel port of the decowolution module,this datasetwould
be usedastheinital PSFwith the given PSFparameterstill actingasconstraints.For example,you
couldprovideameasuredPSFandlet it be tted to theactualdataby the decowolutionalgorithm.

Microscopicmode:alphalobeamis awide eld dataset,soselectthis optionhere.

Submitting a decorvolution job

After all parametersiave beenenteredthe decomwolution processcanbe started.On a moderncom-
puterblind decomwolution of our testdatasetroughlytakesabout20 minutes.Especially if you want
to decorvolve multiple datasetsatonceit is inconvenientto dothisin aninteractive sessionTherefore
multiple decorvolutionjobscanbesubmittedo theamira job queueandthen,for example processed
over night. Thisworksasfollows:

Presghe Batc Job buttonof the Actionport. A dialogasshowvn in Figure6.6 popsup.

In the dialog choosea le nameunderwhich you wantto save the decowolved dataset, e.g.
C:/Temp/alphalobe-deconv.am

Modify thetext eld, sothatcheckpoint les arewritten afterevery 5 iterations.

Checkpoint les areusedto storeintermediataesults.With the above settingsthe decowolveddata
is written into a le after every 5 iterations. Checkpoint les arecalledlike the nal result,but a
consecutre numberis insertedjust beforethe le namesufx. For example,if theresult le name
is C:/Temp/alphalobe-deconv.am thecheckpoint les arecalledC:/Temp/alphalobe-
deconv-0005.am , C:/Temp/alphalobe-deconv-0010.am andsoon. Now we areready
to actuallysubmitthe batchjob.

Pressthe Submitbutton of the decomwolution dialog. After afew secondghe amira batchjob

dialogappearscomparerigure6.7.
Selectthe decowolution job andpressthe Startbutton.
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Figure 6.6: Dialog for submittinga decomolution job.

Figure 6.7: Theamira job dialogshaving a pendingdecowolution job.

You now have to wait about20 minutesuntil the decorwolution job is nished. Oncethe job queue
hasbeenstartedyou can quit amira. The batchjobs will be continuedautomatically If amira is

still runningwhenthe decorvolution job exits thenthe resultwill be loadedautomaticallyin amira.

Otherwiseyou have to restartamira andloadthe decowolveddatasetmanually

6.5 BeadExtraction Tutorial

Non-blinddecorvolutionis a powerful androbustmethodfor enhancinghequality of 3D microscopic
images.However, the methodrequiresthattheimageof the point spreadfunction (PSF)responsible
for imageblurring is provided. As statedin the standarddecomolution tutorial, the PSFcaneither
be calculatedheoreticallyor it canbe obtainedfrom a beadmeasuremeniamira providesa special-
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purposemodulecalledBeadExtractvhichfacilitatestheextractionof PSFimagesrom oneor multiple
beadmesurementdn this tutorial the useof the moduleshallbe explained. The following topicsare
covered:

1. Beadmeasurements
2. ProjectionView andProjectionView Cursor
3. Resamplingandaveragingthe beads

Beadmeasuements

The PSFis theimageof a singlepoint sourcerecordedunderthe sameconditionsasthe actualspec-
imen. It canbe approximatedy theimageof a uorescing sub-resolutiormicrospherea so-called
bead. Performinggoodbeadmeasurementequiressomepracticeandexpertise. In orderto obtain
goodresultsthefollowing hintsshouldbe obeyed:

1. Useapropriatebeads.It is importantthatthe beadsizeis smallerthanapproximatelyl=2 full
width at half maximum (FWHM) of the PSE Good sourcesfor obtainingbeadssuitablefor
PSF measurementare Molecular Probes(http://www.probes.com/ ) or Polysciences
(http://www.polysciences.com/ ).

2. Thebeadsnustbesolid. Besidessolid beadgherearealsobeadswith the shapeof a spherical
shell,allowing to checkthefocusplaneof a mircoscope Suchbeadsannotbe usedasa source
for PSFgeneratiorin the currentversionof amira.

3. Don'trecordclustersof multiple beads Sometimesnultiple beadsnaygluetogetherappearing
asasinglebig bright spot. Computinga PSFfrom sucha spotobviously leadsto wrongresults.

4. Notethatbeadsarenot resistantto a variety of embeddingmedia. In particularbeadswill be
destrgedin xylenebasedembeddingnediasuchasPermount(FisherScienti ¢c) and methyl
saligylate (frequentlyusedto clearup the tissue).As a substituteyou might useimmersionoil
insteadwhich hasa similar refractive index ase.g. methylsaligylate.

5. Sampleandbeadsshouldalwaysbeimagedascloseto the coverslipaspossible Whenit is not
possibleto attachthe sampleto the coverslip,the beadsshouldalsobeimagedin acomparable
depth,embeddedn the samemountingmedium. Imaging the beadswith betterquality than
the samplewill yield a slightly blurreddecowolution result. However, whenthe PSFusedfor
decowolutionis toowide, artefactscanariseduring decowolution.

The objective lenseshouldalways be selectedaccordingto the mountingmedium,i.e. if the
sampleis attachedo the slide andembeddedn a buffer of refractve index closeto water a
severelossof imagequality canbe expectedwhenusingan oil-immersionobjective without a
correctioncollar. Decorvolution of properlyimageddatawill allwaysbe supperiorto decomwo-
lution of datasuffering from abberations.

6. Problemsoccurif the mountingmediumremainsliquid. In that casethe sampledistribution
may not be permanent.If your specimernis to be embeddedn wateryou cantry to immerse
thebeaddn anagaroseyel of moderateconcentrationnstead. Attachingthe smallbeadgso the
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coverslip(for exampleby letting themdry) is oftenalsosufcient for immobilisation.

An exampleof animagedatasetcontainingmultiple beadsis providedin the le beads.amin the
directoryAmira-3.0/data/decon

Loadthedatasetbeads.am
Visualizethe datausinga Projection\few module.

Projection View and Projection View Cursor

Thebeaddatasetcontains ve differentbeadsvhich canbeclearlyseenin thethreeorthogonaplanes
of the Projection\few module. In orderto obtaina singlePSFwe rst wantto selectseveral “good”

beads. Thesebeadsare then resampledand averaged thusyielding the nal PSE A beadcanbe
consideredas“good” if it is clearly visible andif it is not superimposedy otherbeads(evenwhen
defocused),

Selecting‘good” beadss aninteractive processlt is mosteasilyaccomplishedisingthe Projection-
View's Cursormodule. This moduleallows you to selecta pointin 3D spaceby clicking on one of
the threeplanesof the Projection\few module. The third coordinateis automaticallysetby looking
for the voxel with the highestintensity Pointsselectedwith the Cursor modulecan be storedin a
LandmarkSetlataobject.

Attacha Cursor moduleto the Projection\ifew module.

Click onary beadon oneof thethreeplanes.

Storethe currentcursorpositionin a LandmarkSebbjectby pressinghe Add button.
Selectandaddsomeotherbeadgoo.

The landmarksneednot to be locatedexactly at the centerof a bead. The exactcenterpositionscan
be tted automaticallylateron.

You canremove incorrectbeadpositionsfrom the landmarksetby invoking the landmarkseteditor.
In orderto activatethe editor selectthe landmarksetobjectandpressthe greenbutton with the disk-
shapedsymbol. If youwantto addadditionalbeadpositionsto anexisting landmarksetobject,make
surethatthe masterport of the landmarksetobjectis connectedo the Cursor module. Otherwise a
new landmarksetobjectwill becreated.

Resamplingand averaging the beads

Now we arereadyto extractandaveragethe individual beads.This is doneby meansof the BeadEx-
tractmodule.

Connecta BeadExtactmoduleto the Landmarksobject.
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Figure 6.8 Individual beadscanbeinteractvely identi®edusinga Cursor module.
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Make sure,thatthe Data port of BeadExtact is connectedo the beaddatasetbeads.am If
thelandmarksarestill connectedo the beadsvia the Cursor and Projection\few modules the
connectionis establishecutomatically

The BeadExtact moduleprovidestwo buttonscalled Adjustcentes and Estimatesize which should
beinvokedin a preprocessingtepbeforethebeadsareactuallyextracted.

The rst button (Adjustcentes) modi es the landmarkpositionssothatthey arepreciselylocatedin
the centerof gravity of theindividual beads.

The secondbutton (Estimatesize computesan estimatefor the numberof voxels of the PSFimage
to be generated.This buttonis only active if no PSFimageis connectedasa resultto BeadExtact
If thereis a resultobject,the resolutionandvoxel sizesof the resultare usedandthe port becomes
insensitve.

Any of theactionsof thetwo preprocessinguttonscanbeundoneusingthe Undobutton. This canbe
necessarfor exampleif two beadsaretoo closesothatno correctcentermpositioncouldbecomputed.
In generalpverlapsbetweemeighbouringyeadsshouldbeavoided. Smalloverlapsmightbetolerated
because&uringresamplingntensitiesareweightedaccordingo thein uence of surroundingoeads.

Performthe preprocessingtepsAdjustcentes andEstimatesize
Computearesampledndaveraged®SFby pressinghe Extract beadsbutton.

Thedatatype of theresultingPSFwill be oat, irrespectve of the datatype of theinputimage. The
individual beadswill be weightedon a pervoxel basisand addedto the result. No normalization
will be performedafterwards. You mayinvestigateheresultingPSFimageusingary of the standard
visualizationmodules.In Figure6.10avolumerenderingof theresultingPSFis showvn.

In somecases/ou maywantto averagemultiple beadsrecordedn differentinput datasets.This can
be easilyachiezed by creatinga Landmarksobjectfor eachinput dataset. For the rst input dataset
extractthe beadsasdescribedabore. For the otherinput datasetalsousethe BeadExtact module.
However, make surethatthe PSFobtainedfrom the rst input datasetis connectedisa resultobject
to BeadExtact beforepressingthe Dolt button. In orderto usean existing PSFas a result object
connectthe Master port of the PSFto BeadExtact (oncethis is donethe Resolutionand Voxel size
portsof BeadExtact becomeinsensitve, seeabove). If an existing resultis usednew beadssimply
will be addedinto the existing dataset. Thereforedatasetshouldbe scaledin intensityaccordingto
their quality prior to beadextractionand summationto obtaina suitableweightingof the individual
extractedbeadsn the nal result.

6.6 Performanceissuesand multi-pr ocessing

Iterative maximum-likelihood decovolution essentiallyis the most powerful and mostrobust tech-
niquefor therestoratiorof 3D optical sections.However, it is alsocomputationallwery demanding.
It cantake several minutes(sometimeeven hours)to procesdarge 3D datasets. This is not duean
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Figure 6.9 The BeadExtact moduleresamplesindaveragesnultiple beads.
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Figure 6.1Q The®nal PSFvisualizedusinga \oltex module.
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improperimplementatiorbut dueto the algorithmitself. Both, the blind andthe non-blindvariantof
themethodrely heavily onfastFouriertransformsn orderto ef ciently computecorvolutions.If you
wantto improve performancetry to adjustthesizeof your datavolumessothatthe numberof voxels
plustheborderwidth is a power of two. Sometimesit is worth to enlagethe borderwidth alittle bit
in orderto geta power of two. Althoughthealgorithmworkswith dataof ary size,powersof two can
betransformedomeavhatfaster

Anotherissueis memoryconsumption.Internally, several copiesof the datasetneedto be allocated
by the decowolution algorithm. Thesecopiesshouldall t into memoryat the sametime (a speci ¢
variantof thealgorithmsuitablefor working underlow memoryconditionswill be providedin alater
version). Besidesthe input dataitself the following numberof working arraysare requiredby the
differentmethods:

3 working arraysfor the non-blindalgorithmwith no or with x edoverrelaxation
5 working arraysfor the non-blindalgorithmwith optimizedoverrelaxation
5 working arraysfor theblind algorithm

The numberof voxels of a working arrayis the productof the numberof voxels of the input data
setplusthe borderwith alongeachspatialdimension. The primitive datatype of a working arrayis

a 4-byte oating point number For example,if the numberof voxels of the input datasetplus the
borderwidth is 256 x 256 x 256 (asfor the alphalobeamdatasetin theblind decowolutiontutorial),
eachworking arraywill be about64 MB, irrespectve of the primitive datatype of the input dataset.
Thereforeat least192 MB (3x4x256x256x25 bytes)are requiredfor non-blind decorwolution with

x ed overrelaxation,and 320 MB (5x4x256x256x36 bytes)for blind decorolution. Keepthis in

mind whencon guring the computeron which to performdecowolution! However, alsonotethatfor

mostplatformsit usuallydoesnt make senseo have morethan1.5 GB of mainmemory For more
memorya 64-bit operatingsystemis required.On a Windows PC, it is stronglyrecommendedot to

useWindows 98 or Windows ME if you have morethan512MB of mainmemory

Finally, it shouldbe mentionedthat the decorvolution algorithm canmake useof a multi-processor
CPU board. Although you do not gettwice the performanceon a dual-processoPC, a speed-upf
almost1.5 canbe achieved. On default, amira usesas mary processorsasthereare on the com-
puter If for somereasonyou want to uselessprocessorgou can set the ervironmentvariable
AMIRADECONWUMTHREADSO the numberof processoryou actually want to use simultane-
ously.
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Chapter 7

Module Reference

7.1 BeadExtract

This moduleis partof the Amira decowolution package It canbe usedto resampleandaveragethe
image of one or multiple beads,i.e., uorescing sub-resolutiommicrospherestherebyobtainingan
approximatiorof a point spreadunction (PSF)requiredfor non-blinddecomwolution.

The modulemust be connectedo the image dataset containingthe measuredeadsas well asto
alandmarksetindicatingthe centerpositionsof all beadgo be resamplecandaveraged.The whole
proces®f obtainingapointspreadunctionfrom abeadmeasuremerns describedn aseparatéutorial
onbeadextraction Pleaseeferto this tutorial for moreinformationon how to usethe module.

Connections

Data [required]
Connectiorto auniformimagedatasetcontainingmeasuredeads.

Landmarks [required]

Connectionto a landmarksetindicating the centerpositionsof the beadsto be resampledand
averaged.

Ports

Info

Displaysthe numberof beadgo beresampledindaveraged.



Resolution

Speci esthenumberof voxelsof the nal PSFimageto begeneratedlf a PSFimageis connected
asaresultobjectto this module the port becomesnsensitve andthe numberof voxelsof theresult
objectareused.

Voxel size[um]

Speci esthevoxel size of the nal PSFimageto be generatedn micrometers.If a PSFimageis
connectedasa resultto this module,the port becomesnsensitve andthe voxel size of the result
objectis used.

Preprocess

Adjustcentes: If this buttonis pressedhe landmarkpositionsof the datasetconnectedo port
Landmarksare shiftedto the centerof gravitiy of the correspondindead. It is requiredthat the
initial landmarkpositionsareinside the beadimagesandthat neighbouringoeadsdo not overlap
signi cantly. Otherwiseincorrectcentemositionsmaybe computed.

Estimatesize:If this buttonis pressedhedesirechumberof voxelsof the nal PSFimagespeci ed
in port Resolutionare computedautomatically Before this is donethe beads'centerpositions
alreadyshouldhave beenadjusted. The estimateis computedby determiningthe extent of the
biggestspotaroundany landmark. Again, it is requiredthat neighbouringbeadsdo not overlap
signi cantly. The Estimatesize button becomesdnsensitve if a resultobjectis connectedo the
module.In this casealwaysthe sizeof the existing PSFimagewill beused.

Undo: Undosthe effect of any of the previoustwo buttons.For example,if wrongcenterpositions
have beencomputedafter pressingAdjustcentes, the original landmarkpositionscanbe restored
usingthe Undobutton.

Action

Actually extractsthe beadswith the centerof the resultingdatasetcorrespondingo the current
positionsof the landmarks.Theimagevolumearoundevery landmarkis extractedandresampled
usingalLanczoslter (compareghe Resamplenodule).Theresampledeadimagesarethenadded
to theresultobject. The nal PSFis notnhormalized.

7.2 Convolution

This module convolvestwo uniform 3D dataobjectswith eachother by Fourier transformingthe
two inputs, multiplying them, and then transformingthem back. The moduleis part of the Amira
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decomvolution packagelt canbe usedfor exampleto verify theresultsof imagedecomwolution.
Theboundingbox andvoxel sizesof theinput datasetandthe corvolution kernelareignoredby this

module.Usethe Resamplenoduleto make surethattheresolutionof bothinputsis identical.
Connections

Data [required]
Thedatasetto be convolved.

Kernel [required]
The corvolutionkernel.

Ports

Border width

De nesthesizeof theborderregion. A borderregionis necessaryf theinputdatasetdoesnt fade
outto blackattheboundaries.

Options
If normalizekernelis selectedtheintegral of thecorvolutionkernel(connectedo portKernel) will

benormalizedto one. If this is not the casethe intensitiesof the cornvolveddatasetwill bescaled
by theactualintegral.

If applynoiseis selectedthevaluesof the corvolveddatasetwill bemultiplied by randomnumbers
uniformly distributedaroundl (white noise).

Noiselevel

This port will only be shown if the apply noiseoption of the Optionsport hasbeenselected. It
speci estheamountof noiseappliedto theoutput,i.e., therangeof therandomnumbersaroundl,
by which theresultis multiplied.

Action

Actually corvolvestheinput datasets.
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7.3 CorrectZDrop

Thismoduleletsyou x artifactsin 3D microscopidmagescausedy light absorptiorin otherslices.
If suchartifactsarepresenttheaveragentensityin lower slicesseemso bedecreasedrhis so-called
z-diop or intensityattenuationcan be correctedautomaticallyby tting an exponentialcurve to the
averageintensitiesin eachslices,or manuallyby providing a userde ned formula.

Connections

Data [required]

Theimagedataexhibiting az-dropartifact. Scalar eld with uniform or stacledcoordinategswell
asmulti-channel®eldsaresupported.

Ports
Mode

Letsyou selectbetweerautomationodeandmanualmode.

Expression

This port is only availableif manualmodehasbeenselected.It providesatext eld whereyou
canentera formula specifyinga factorusedto multiply the intensityvaluesin eachslice. Within
the formulathe variableu speci esthe slices. u will take the valueO for the rst sliceand1 for
the lastslice. For the otherslicesit takesintermediatevaluesdependingon the actualslice loca-
tion (this makessupportof stacled coordinateeasy). In automaticenodethe following formula
a*exp(b*u)  will beused,wherea andb are tted automatically If you rst performan auto-
matic z-drop correctionandthenswitch to manualmode,the tted expontialwill be displayedin
theport'stext eld.

Action

Startsz-dropcorrection.

7.4 DataPreprocess

This moduleis partof the Amira decomwolution package It canbe usedto apply both a background
anda ateld correctionto araw 3D imagestack.

For thebackgrouncaorrectionasinglebackgroundmagehasto beprovidedatthebadkgroundport of
themodule.Thebackgroundmageshouldbea nearlyblackimagerecordedvith thecameras shutter
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closed. This imageis subtractedrom all slicesof the 3D input dataset,thuscompensatindor ary
darkcurrentof the cameras CCD detector

Forthe at eld correctionasingle at eld imagehasto beprovidedatthe at eld portof themodule.
The ateld imageshouldbe anunfocusedalmostwhite imagetakenfrom a drop of homogeneously
uorescing dye. The intensitiesof the 3D input imageare thenscaledaccordingto the normalized
intensitiesof the at eld images.Theinputimagegetsbrighteratpixelswherethe at eld is darkand
vice versa.In thisway non-uniformsensitvity of the cameras CCD detectoris compensatedf both
a ateld andabackgroundmagearepresentthebackgrounds subtractedrom the at eld too.

Connections

Data [required]

The raw 3D image stackto be corrected. Any regular scalar eld with uniform coordinatess
supported.

Background [optional]

An optional2D backgroundmagewith the samenumberof voxelsin x andy directionasthe 3D
inputimage.If aninputis presenttthis portabackgrounctorrectionis performedseeabove).

Flat eld [optional]

An optional2D ateld imagewith the samenumberof voxelsin x andy directionasthe input
image.In aninputis presentatthisporta at eld correctionis performedseeabove).

Ports

Background

Displaysthe meanvalueandthe standarddeviation of the backgroundmage,if suchanimageis
presentOnly the rst sliceis considered.

Flat eld

Displaysthemeanvalueandthestandardieviationof the at eld image,if suchanimageis present.
Only the rst sliceis considered.

Action

Startsthe computationandproduces correctecbutputdataset.
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7.5 Decorvolution

This module is the front-end for decorvolving 3D microscopicimages. Two different iterative
maximum-likelihoodimagerestoratioralgorithmsare provided,a non-blindoneanda blind one. For
ageneraldescriptionof thedecowolution procespleaseaeferto the tutorialsprovidedwith the Amira
decorvolution package.

The resultingdecorvolved datasetwill be storedin the objectpool. If noinput PSFis speci ed or
if the blind decowolution algorithmhasbeenselectedalsothe estimated®?SFwill be storedin the
objectpool.

Connections

Data [required]
Thedatasetto bedecowolved.

Kernel [optional]

Thepointspreadunction(PSF)to usedfor decowolution. If no PSFis speci ed,anestimated®SF
is calculatedautomaticallybasedon the numericalapertureof the microscopethe wavelengthof
theemittedlight, andtherefractveindex. If ablind decowolutionis to beperformedaninput PSF
(if connectedyvill beusedasaninitial estimate.

Ports
Border width

De nesthesizeof theborderregion. A borderregionis necessaryf theinputdatasetdoesnt fade
out to black at the boundaries.For performancaeasonst might advisableto choosevaluessuch
thatthe sumof the size of the input datasetandthe borderwidth resultsin a power of two. For
example,if thedatasetconsistsof 118slices,a borderwidth of 10 slicesin z directionwould bea
goodchoice.

In caseof wide eld datait is sometimesdvisableo have theborderwidth in z directionexactly as
large asthe datasetitself. If thisis the case the borderregion will be initialized by mirroring the
valuesfrom the actualdatavolume. Otherwise the valuesof the rst sliceandof thelastslicewill
beinterpolatedinearly.

Iterations

Speci esthe numberof iterationsof the decomwolution procedure.

Initial estimate
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Speci estheinitial estimateof the decowolutionalgorithm. If constis chosera constanimageis
usedinitially. Often, this yields smootherresultsthanthe secondoption, namelyinput data The
third option (previousresul) is only availableif the input datasethasalreadybeendecomwolved
previously. Usethis optionif youwantto apply someadditionaldecowolutioniterations.

Overrelaxation

Overrelaxationis a techniqueto speedup the corvergenceof theiterative decomwolution process.
In mostcasesxed overrelaxtionis a goodchoice. For non-blinddecomwolution alsoan optimized
overrelaxationtechniqueis available. This methodfurther acceleratesorvergencebut is more
memoryandtime consuming.

Method

This port speci eswhetherstandardnon-blind)or blind decowolution shouldbe used.

PSFParameters

Parametergor calculatingthe point spreadunction. This portwill only beshawvn if standardnon-
blind) decowvolution hasbeenselectedandno input PSFwasspeci ed, or if blind decorvolution
hasbeenselectedin which casetheseparametersctasconstraints.

NA denoteshenumericalapertureof themicroscopelambdadenoteshewavelengthof theemitted
light in micrometerswith the voxel sizesalsobeinginterpretedn micrometers.Finally, n denotes
therefractve index of the specimen.

Micr oscopicMode

Selectavhethertheinputimagehasbeenrecordedisingawide eld microscopeor usingaconfocal
microscope. This is importantfor the PSFgeneratioras well asfor the selectionof appropriate
constraintgluring blind decowvolution.

Action

TheDolt buttonactuallystartsthedecorvolution processSincedecoivolutionis atime consuming
operation,it optionally canbe performedasa batchjob. A batchjob canbe submittedusingthe
Batd job button. If this button is pressed,rst a dialog is poppedup allowing you to specify
the lename of the nal decowolveddatasetaswell asthe numberof optionalcheckpoint les

(compareFigure6.6). A checkpoint storesanintermediateesultobtainedafter a certainnumber
of iterationshave beenperformed.Theactualdecotvolutionjob is startedvia the Amira job dialog.
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Thejob dialogis poppedup automaticallyafterthejob hasbeen nally submittedput this maytake
afew secondsf therearecurrentlyno jobsrunning.

7.6 FourierTransform

This modulecomputea discreteforward or backward Fourier transforma scalarinput datasetwith
uniform coordinates.Alternatively, the power spectrum,i.e., the squaredmagnitudeof the Fourier
transformcanbe computed.

The origin of the input datasetwill beignoredby this module. Also, insteadof beingexpressedn
wave numbergheboundingbox of a Fouriertransfomediatasetwill bethe sameastheboundingbox
of theinput.

Connections

Data [required]
Theinputdatato be Fouriertransformed.

Ports
Mode

Optionmenuspecifyingthe actionto be performed.

If arealscalareld is connectedo themodule threeoptionsareavailable,namelyforward, forward
comple, andpowerspectrum If forward is selectedthe outputis storedin a specialso-callechalf-
complex format. Suchan outputcan be back-transformedput not mary otheroperationscanbe
performedon it. If forward complex is selectedthe outputwill be a complex-valuedscalar eld
with the samenumberof voxels asthe input object. Finally, if powerspectrumis selectedthe
outputis areal-wvaluedscalar eld with the samenumberof voxels asthe input objectcontaining
the squarednagnitudeof the Fouriertransform.

If acomplex scalar eld in half-complex formatis connectedthe only optionis badkward, indicat-
ing abackwardFourier-transform.

If anordinarycomplex scalareld is connectedo themodule thethreeoptionsforward, badkward,
andpowerspectrumare available. The rst two optionsspeci y aforward andbackward Fourier
transformrespectrely. Theouputis acomplex scalar eld with thesameresolutionastheinput. If
powerspectrums selectedthe outputis areal-valuedscalar eld with the samenumberof voxels
astheinput objectcontainingthe squarednagnitudeof the Fouriertransform.

Action

Startsthe computation.
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7.7 PSFGen

This modulecanbeusedto computea point spreadunction (PSF)for decorvolution of wide eld and
confocalmicroscopicimagedata. PSFcomputationis basedon electromagnetiwectortheory The
moduleis part of the Amira decomwolution package It canbe createdby selectingit from the Edit
Createmenuof the Amira mainwindow.

Connections

Data [optional]

A uniformscalareld (usuallytheimagedatato bedecorwvolved)canbeconnectedo thisport. The
valuesof the ResolutiorandVoxelsizeportswill be setautomaticallyto the valuesof theinput eld
then.

Ports

Resolution

Thenumberof voxelsof the PSFimageto be generated.

Voxelsize[um]

Thevoxel sizein micronsof the PSFimageto be generated.

PSFParameters

Parameterdor calculatingthe point spreadfunction. NA denotesthe numericalapertureof the
microscope.lambdadenoteshe wavelength(as measuredn vacuum)of the emittedlight in mi-
crometersFor confocaldatathe excitationandemissiorwavelengthareassumedo beidentical.In
this caseit might prove usefulto compensatby supplyingavaluebetweerexcitationandemission
wavelenghtasparameterFinally, n denotegherefractveindex of the specimen.

Micr oscopicMode

SelectavhetherthePSFof awide eld microscoper of aconfocalmicroscopeshouldbecomputed.

Action

Actually computegshe PSE
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Chapter 8

Examples

Example 1. Confocal Data

The original datasetis provided under Amira-3.0/data/decov/pdytrichum.am The imagesbelow
werecreatedusingthe Projection\iew module.

The propertief the datasetareasfollows:

Numericalaperturel.4
Wavelengthof the emittedlight 0.58 micrometers
Refractve index 1.516(oil)

Example 2: Wide®eld Data

Theoriginal datasetis providedunderAmira-3.0/data/decowalphalobeam. Theimageshelon were
createdusingthe Projection\few module.

The propertief the datasetareasfollows:

Numericalaperture0.5
Wavelengthof the emittedlight 0.58 micrometers
Refractve index 1.33(water)



Figure 8.1 polytrichum.ambeforedecowolution.
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Figure 8.2 polytrichum.amafterdecowolution.
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Figure 8.3 XY-maximumintensityprojectionof alphalobeam beforedecowolution.
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Figure 8.4 XY-maximumintensityprojectionof alphalobeam afterdecowolution.
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