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Chapter 1

amiraMol Intr oduction

amiraMol addspowerful modulesfor molecularvisualizationto theamira 3D visualizationsystem.
Thepackagecombinesamira's strongcapabilitiesfor 3D datavisualizationlikehardwareaccelerated
volumerenderingwith speci�c toolsfor molecularvisualizationanddataanalysis.Molecularsurfaces,
molecularinterfacesor con�gurationdensitycomputationareonly a few examples.amiraMol comes
with self-runningdemosandstep-by-steptutorialsfor themostcommonmolecularvisualizationtasks.

TheamiraMol documentationis organizedinto thefollowing sections:

� MoleculeTutorial, how to getstarted
� DataObjects, structureandinterdependenceof themoleculardatastructures
� Visualizationof Molecules, variouswaysto displaya molecule
� Aligning Molecules
� Visualizationof MolecularTrajectories, animationsandcon�gurationaldensities
� Atom Expressions

If you arenotyet familiarwith amira, pleasereadtheamira User'sGuide�rst, or gobackto it if you
�nd any generalamira terminologythatyou arenot familiarwith.

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 themoleculebut alsoprovidestools to investigateits distinctpartsand
properties.After readingthe”gettingstarted”introductionyoumaycontinuewith any of thefollowing
tutorials.

� GettingStarted- �rst steps



� Selection,Labeling,andMasking- exploringa molecule
� Alignmentof Molecules- visualizingdynamicaldata
� Molecularsurfaces- wrappingamolecule
� SequentialandStructuralAlignment- comparingmolecules
� MoleculeEditor - interactivemanipulationof themolecule
� MolecularInterface- computingintersectionsurfaces
� Measurement- measuringdistancesandangleswithin a molecule

Note: If youwantto visualizeyourown data,pleasereferto thesectionaboutdataimport in theamira
User'sGuide.Thatsectioncontainssomegeneralhintsonhow to importdatasetsinto amira.

1.1.1 Getting Started with Molecular Visualization

In this sectionyouwill learnhow to

1. loada moleculardemodatasetinto amira,
2. view themoleculewith theMoleculeView displaymodule,
3. try out variouscolorschemes,
4. selectatomsin theviewerusingthedraw tool,
5. overwritecolorschemecolorsfor selectedatoms.

1.1.1.1 Loading Data into the System

In thefollowing introductionwe will considera simpleexampleto explain thebasicfunctionsof the
MoleculeView module.Our examplewill bea smallPDB (ProteinDataBank)structureconsistingof
932atomsin 213residues.

� Loadthe�le 2RNT.pdb into theobjectpool from thedirectorydata/molecules/pdb .

A greenicon labeled2RNT.pdb will appearin theobjectpool. Thegreenicon representsanobject
of typeMolecule. Click on thegreendataicon with theleft mousebutton. In theworking areabelow
theobjectpool informationaboutthemolecule,suchasthenumberof atomsetc.,will beshown. In
addition,otherportsnamedTransformation, SelectionBrowser, andTransform, canbeseen;they will
beexplainedin latertutorials.

1.1.1.2 Displaying the Moleculewith the MoleculeView Module

The MoleculeView moduleis the basicdisplaymodulefor visualizingmolecules. It allows you to
displayatomsasplatesor ballsandbondsaslinesor cylinders.

� Click againon thegreendataicon in theobjectpool, this timeusingtheright mousebutton.
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A menu,containingseveralentriesandsubmenus,will appear.

� SelecttheentryMoleculeView.

A new yellow iconlabeledMoleculeViewappearsin theobjectpool. Yellow icons,in general,represent
displaymodules,i.e., modulesthat visualizeobjectsin the viewer. The blue line betweenthe icons
indicatesaconnectionbetweentheobjects.In thiscasetheMoleculeView modulereadsdatafrom the
objectrepresentedby thegreeniconandvisualizesit.

The moleculeis now displayedin the viewer asa wireframe. Using the left mousebutton you can
rotatetheobject;usingthe left andmiddlemousebuttonssimultaneouslyyou canzoomin andout.
For thesemouseoperationsto work, the viewer mustbe in viewing mode, in which casethe mouse
cursoris displayedasahand.

Whenever theMoleculeView moduleis active, the little squareon theyellow MoleculeView icon
is orange.Youcandeactivatethemoduleby clicking on thesquarewith theleft mousebutton.

We will exploresomebasicportsof theMoleculeView module.
Modeport: Chooseanothermodeto seebothatomsandbondsof themolecule,or justatoms.If atoms
areshown, usetheAtomRadiusport to adjustthesizeof theatomsasdesired.
Qualityport: If youchoosetheoptioncorrect, youcandisplayacorrect,i.e. three-dimensional,image
of the balls andsticks. Considerthe trade-off betweencorrectrepresentationandslower rendering
performance.Usethefastmodeif you wantto displaya largemolecule.If your graphicshardwareis
fastenough,youcanusethecorrectmodeevenfor largemolecules.
Complexity port: In orderto allow interactive rendering,thedefault complexity of thesceneis rather
low. In mostcasesthis will be suf�cient. However, if you want to make screenshotsor if you have
smallmolecules,you might wantto increasethecomplexity. TheComplexity port is displayedonly if
correctquality is selected.

1.1.1.3 Changing the Color Scheme

The MoleculeView moduleallows the userto color the moleculeaccordingto levels, for example,
atomlevel, residuelevel, secondarystructurelevel, chainlevel, or user-de�ned levels.Eachlevel hasa
numberof attributes,thesimplestof which is theindex attribute. Thedefault color schemeis to color
themoleculeaccordingto theatomlevel'sattributeatomicnumber, i.e., theatom's type.

� Click theLegendbuttonof the Color port to displaya small window decodingthecolorsyou
seein theviewerwindow.

� Chooseresiduesfrom the�rst pop-upmenuandtypefrom thesecondmenutocolorthemolecule
accordingto theresiduetype,heretheaminoacidtype.

Thedefault color mapcontainsa constantcolor. Thus,currentlyall residuesof themoleculehave the
samecolor.

� To changethecolormap,right-clickonthecolorbarof theDiscreteCM portwhichhasappeared
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below theColor port andselectany othercolor map.
� Try outdifferentcolor mapsto �nd a mapthatsuitsyourpurposes.

Somepeoplepreferthecpkcolor schemefor atomsandtheaminoacidcolorsasthey areusedin the
Rasmolprogram.

� Youcansetyourpreferencesin theamiraEdit menuby selectingtheentryPreferences.
� PresstheMoleculestabandsetyourpreferences.PressingtheOK buttonsavesyourpreferences

permanently.

Currentlyonly aminoacid colorsareprede�ned. Thus,if the moleculecontainsresiduesotherthan
thestandardaminoacids,thoseresidueswill becoloredwith thedefault color (black).

1.1.1.4 Using the Draw Tool

The draw tool appearsin amira in several modules. It enablesyou to selectobjectsor partsof an
objectby drawing a line in theviewer.

� PresstheDrawbuttonof theHighlightingportanddraw aline in theviewerwindow aroundthe
groupof atomsyouwantto select.

The atomsthat were enclosedby the line will be highlighted. If the viewer is the active window,
pressingthed key is equivalentto pressingtheDraw buttonof theHighlightingport.

� To unhighlightall atoms,presstheClearbuttonof theHighlightingport.
� Also try usingthekeysCtrl andShift while drawing a line.

1.1.1.5 SettingColors for SelectedParts

TheDe�ne Colorsportallowsyou to overwritecolorsof thecolorscheme.

� Selectsomeatomsusingthedraw tool.
� PresstheSetbuttonof theDe�ne Color port.
� Changethecurrentcolorof theColorEditorandpressOK.

Thepreviously highlightedatomsshouldnow have thecolor selectedin thecolor editor. This setting
will be preservedeven if thecolor schemeis changed.Unfortunately, thenew settingwill currently
notappearin thecolor legend.

1.1.2 Selection,Labeling, and Masking

You alreadyknow how to load �les andhow to displaymoleculeswith the MoleculeView module.
This tutorial will focuson exploring thestructureof a loadedmolecule.Thetutorial consistsof three
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subsections,in whichyouwill:

1. Explorethepossibilitiesfor selectingwithin amoleculeusingtheMoleculeView module.
2. Learnhow to usetheMoleculeLabelmodule.
3. Getto know theMoleculeSelectionBrowser.

For this tutorial wewill usethemolecule1IGM.pdb .

� Loadthe�le 1IGM.pdb into theobjectpool from thedirectorydata/molecules/pdb .
� Attacha MoleculeView moduleto thegreenobjectthathasappeared,
� andchangetheModeport to balls andsticks.

1.1.2.1 Interacti veSelectionwith the MoleculeView Module

In the�rst tutorialyoulearnedhow to usethedraw tool to selectatomswithin amolecule.Thesimplest
way to selectatoms,however, is to click on theatomof interest. In orderto do so, theviewer must
be in interactionmode. If themousecursorin theviewing window is depictedasa hand,you arein
viewing mode.To changeto interactionmode,youcaneither

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

Themousecursorwill changeto anarrow.

� Now click oneof theatoms.

Theatomyouselectedshouldnow behighlightedby aredframearoundit. If youselectanotheratom,
the�rst atomwill beunhighlighted.In orderto selectmorethanoneatom

� presstheCtrl key andkeepit pressedwhile clicking additionalatoms.

Ctrl -clicking ahighlightedatoma secondtimeunhighlightsit.

� Now changetheModeportof theMoleculeView backto sticks.
� Selectresiduesfrom the�rst menuof theMoleculeView'sColor port.
� Choosea suitablecolormapfrom thelist of pre-loadedcolormapsasdescribedin the�rst tuto-

rial.

Theresiduesshouldnow becoloredaccordingto their type.

� Now selectanatom.
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As result the whole residueshouldnow be highlighted. The reasonfor this is that picking is bound
to the coloring,by default. For example,if the color schemeis atoms, a click on an atomwill only
in�uence the selectionfor this atom; if the schemeis residues, the atom's residuewill be selected;
if it is chains, the atom's chainwill be selected,andso on. However, sincethis is very restrictive
you caneasilychangetheselectionmodeto themostcommonlevels,i.e.,atoms,residues,secondary
structures,andchains. In orderto choosea certainlevel for the selectionyou needto presscertain
keysin advance.Ctrl-a choosestheatomslevel, aclick onanatomwill only in�uence theselection
for thisatom.Ctrl-r , Ctrl-c andCtrl-s chooseresidues,chainsandsecondarystructure level
respectively. To switch back to the default behaviour, wherecoloring determinesselection,press
Ctrl-d .

If you selectsomegroupandafterwardsselecta secondonefrom the samelevel holding down the
Shift -key all groupsbetweenthe two will alsobe selected.Holding the Ctrl -key pressedwhile
selectinggroupsallows you to selectmultiple groupsandalsoto togglea groupwhenselectingit a
secondtime.

If you do any selectionby clicking in theviewer therewill besomeoutputin theconsolewindow in-
formingyouaboutwhatyouhaveselected,theamountof outputcanbecustomizedvia thePreferences
dialog:

� Youcansetyourpreferencesin theamiraEdit menuby selectingtheentryPreferences.
� PresstheMoleculestabandtakea look on theoptionsin chapterSelectionInfo:
� Molecule namedeterminesthat thenameof themolecule,to which a selectedgroupbelongs,

will beprinted.
� Group namedeterminesthatthenameof theselectedgroupwill beprinted.
� Groupattrib utesdeterminesthatnotonly theselectedgroup'snamebut alsoall attributevalues

of thegroupwill beprintedin theconsolewindow.
� Explicit attrib utes restrictstheoutputof attributevaluesto thoseattributesthatareexplicitly

namedin thetext �eld.
� PressingtheOK buttonsavesyourpreferencespermanently.

1.1.2.2 Using the MoleculeLabelModule

Sofar you have seenthatyou canselectatomsandgroupsof atomsby clicking on themolecule.The
resultof the picking is alwaysprintedin the consolewindow. This might suf�ce in somecases.In
othercases,however, it is necessaryto label themoleculein theviewer so that you caneasilytrack
certaingroupsyouareinterestedin. If youwantto usethis tool, hereis how you do it.

� Click againon theicon1IGM.pdbwith theright mousebutton.
� SelectMoleculeLabelfrom theDisplaysubmenu.

A secondyellow icon labeledMoleculeLabelshouldhave appearedin the objectpool. By default,
all clicks will now behandledby theMoleculeLabelmodule.This meansthat insteadof highlighting
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groupswhenclicking on themthey will now getlabeled.

� TypeCtrl-r while theviewing window is active.
� Click on themoleculein the3D viewer.

Thisactionshouldcausetheresidueof theselectedatomto getlabeled.PressingCtrl-a andclicking
thesameatomwill resultin theselectedatombeinglabeled.TheCtrl- andShift- keys have the
sameeffectaswhenselectinggroups.

� Labela few residuesandatoms.
� Click on theMoleculeLabelicon to view its portsin theworking area.
� Changethecolorof theatomlabelsby pressingthecolor buttonof theColor port andselecting

a differentcolor in thecoloreditor.
� Now selectresiduesin the Levelsport. The Attributes, Level Option, Buttons, Font Size, and

Color portsnow affect theresiduelabels.
� Increasethefont size(whichonly increasesthefont sizeof thecurrentlevel, i.e., residues).
� Selectthenameentryin thesecondmenuof theAttributesport.

Theselectedresidueswill now belabeledby their typesandnames.In orderto understandtheOptions
port of theMoleculeLabelmodule

� deselectthelastoption,replaceattributes,
� andsettheentryof thesecondAttributesmenubackto disabled.
� Now selecta new residue,holdingtheCtrl- key down.

Thenew residuewill only belabeledby its type. In contrast,theold residuesarestill labeledwith type
andname.

If the �rst optionof the lastport, handleclicks, is deselected,mouseclicks will behandledjust asif
themoduleMoleculeLabeldid notexist.

� Deselectthehandleclicksoption.
� Selectany residue.

Theresidueis selected,not labeled.

1.1.2.3 MoleculeSelectionBrowser

In thissectionyouwill learnthebasicsaboutthemoleculeselectionbrowser, whichis averyimportant
featurefor theinvestigationof a molecule.Theselectionbrowseris a �e xible tool for selectingthose
partsof the moleculethat you areinterestedin. Moreover, it allows you to easilycombinedifferent
viewing modulesinto oneviewer.

First Stepswith MolecularVisualizationin amira 9



Figure 1.1: Left: MoleculeView andBondAngleView displayingthemoleculesimultaneously. Right: Selectionbrowserafter
connectingtwo viewing modulesto themolecule.

� Selectthegreenicon1IGM.pdbby clicking on it.
� PresstheShowbuttonof theSelectionBrowserport to openthebrowser.

Thescroll view of thebrowsercurrentlycontainsthreecolumns,onewith theheadinglevel/name, the
secondwith theheadingtype, andthethird with theheadingMV which standsfor MoleculeView. In
the �rst column,all residuesof the moleculearedisplayed. The secondcolumnshows the residue
type.

� Connecta BondAngleView to 1IGM.pdb by right-clicking the icon andchoosingBondAngle-
View from theDisplaysubmenu.

You will observea new columnin theselectionbrowser, representingtheBondAngleView (BAV) (see
Figure1.2).

Changing the Appearanceof MoleculeView and BondAngleView

In orderto getan imagesimilar to Figure1.2,we �rst needto settheportsin theMoleculeView and
theBondAngleView modulescorrectly. We begin with theMoleculeView module.

� SettheModeport to balls.
� SettheQualityport to correct.
� SettheAtomRadiusport to 1.0.

For theBondAngleView continueasfollows:

� Selecttheresiduesentryfrom the�rst menuof theColor port.
� Fromthesecondmenuof Color port,selecttheindex entry.
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Figure 1.2: Settingtheportsin theviewing modules.

� Right-clickonthecolorbarof theDiscreteCM portandselectthecolormapphysics.icol, if this
colormapis pre-loaded.Otherwiseloadit from thedirectorydata/colormaps .

We now only seetheMoleculeView, sincethe trianglesof theBondAngleView arehiddenby thevan
der Waalsspheres.In orderto combinethe two viewing modulesinto oneimage,continuewith the
next section.

Highlighting and Masking with the SelectionBrowser

We now want to usethe selectionbrowser to displaypartsof the moleculewith the MoleculeView
moduleandthe restwith theBondAngleView module. In this sectionwe will only usetheselection
browser, soall menunamesetc. referto this window.

� Selectchainsasnew masterlevel from theMasterLevel menu.

You will now seethreeentriesin the�rst column:chains/L, chains/H, andchains/W. This meansthat
the level chainscontainsthreegroups,namedL, H, andW. In orderto view thegroupchains/Lwith
theMoleculeView andtheothertwo groupswith theBondAngleView,

� removethecheckmarksfor chains/Handchains/Wfrom thecolumnwith headingMV by click-
ing on them.

To deselectthegroupchains/Lfor theBondAngleView,

� click on therespectivebox in thecolumnBAV.

Now you shouldseeanimagethat is prettycloseto that in Figure1.3. However, theBondAngleView
displaysmoretrianglesthanin the �gure. TheBondAngleView in Figure1.3 only displaysbackbone
atoms.In orderto achievethis
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Figure 1.3: UsingtheSelectionDialogwindow.

� right-click on theheadinglabeledBAV.

A pop-upmenuasin Figure1.3shouldappear.

� SelectBackbonefrom theRestrictto submenu.

Theside-chainatomsshouldnot bevisible anymore. Next, you shouldexplore thegroupchains/La
bit further.

� Click on thelittle icon left to it.

After thisactiontheresiduescontainedin chainL will haveappeared.

� Click on thelittle icon left to theresidueL1.
� Typeatoms/L4-L33 in thetext �eld labeledExpression, below thescroll window, andpress

theReplacebutton.

AtomsL4 to L8 andresiduesL2, L3, andL4 arehighlightedin red.TheresidueL1 andthechainL are
highlightedin green.Thecolor redmeansthatthewholegroupis selected,i.e.,all its elements.Green
denotesthatthegroupis partiallyselected.

To get familiar with thebrowser, play aroundwith it. If you needfurther information,just pressthe
F1 buttonin thebrowserwindow or seethedescriptionof theSelectionBrowser.

1.1.3 Alignment of Molecules

In this sectionyouwill learnhow to
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1. alignmoleculesby consideringselectedatoms,
2. computeameanmolecule,
3. computeacon®gurationaldensity,
4. comparemetastablemolecularconformations.

1.1.3.1 Comparing two Molecules

In this sectionwe will comparetwo differentthree-dimensionalstructuresof thesamemolecule.

� Loadthedata�le alkane.zmf from thedirectorydata/molecules/alkane .
� SelectMolTrajectoryfrom thepop-upmenuof thealkane.zmficon.
� SelectMoleculefrom thepop-upmenuof theMolTrajectory icon.
� Attacha MoleculeView moduleto themolecule.
� Repeatthelasttwo steps,creatingtwo new objects,Molecule2andMoleculeView2

The alkane.zmficon representsa bundleof moleculartrajectories,in this casebutane,pentane,and
hexane.By attachingaMolTrajectoryto it, weextractasingletrajectory. By default,the�rst trajectory,
which is butane,is selected.We cannow extractsingletime stepsfrom the trajectoryby attachinga
Moleculeobjectto the trajectory. We have donethis twice sincewe want to comparetwo time steps
with eachother. Currently, both moleculesextract the sametime step. This is the reasonfor only
seeinga singlemolecule.In orderto getmoreinformationaboutthedatastructures,go to thesection
onmoleculardatastructures.

� SelecttheMoleculeView iconandchangetheModeport to balls andsticksandtheQualityport
to correct.

� Repeatthis actionfor theMoleculeView2.
� SelecttheMolecule2iconandchangethevalueof theTimeport to 2.

Youshouldnow seetwo butanemoleculesin theviewer, slightly displaced.

� Right-clickonthesmallrectangleat thefar left sideof theMolecule2iconandselectAlignMas-
ter from thepop-upmenu.

� Connecttheblueline to theMoleculeicon.
� SelecttheMolecule2icon.
� Presstheall buttonof Molecule2'sSelectport.

Youhavenow alignedthemoleculesMoleculeandMolecule2usinga leastsquares�tting of all atoms.
This only worksfor moleculeswith thesamenumberof atoms.In thefollowing wewill align thetwo
moleculesby consideringonly threecarbonatoms.

� DeactivatetheMoleculeView by clicking on theorangesquareof theMoleculeView icon.
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� Ctrl -click on threeconsecutivecarbonatoms.

Theframeof a redcubeshouldappeararoundeachof them.

� ActivatetheMoleculeView by clicking on thegraysquareon theMoleculeView icon.
� SelecttheMolecule2iconandpressthein slavebuttonof theSelectport.

The threeselectedatomsshouldnow �t betteronto the correspondingatomsof the object labeled
Molecule.

1.1.3.2 Computing a Mean Molecule

In this sectionwe will computea meanmoleculeof ametastablemolecularconformationof butane.

� RemovetheobjectsMoleculeandMolecule2.
� SelecttheMolTrajectoryicon.
� Loadthedata�le but cluster 3 1.idx from thedirectorydata/molecules/alkane .

but cluster3 1.idxis a subtrajectoryof MolTrajectory, i.e.,asubsetof all con�gurationsin thetrajec-
tory.

� Attacha moleculeto theiconbut cluster3 1.idx.
� Selectthe MeanMoleculeentry from the Computesubmenuof but cluster3 1.idx's pop-up

menu.
� Right-clickwith themouseonthelittle left-handrectangleof theMeanMoleculeiconandselect

AlignMaster.
� ConnecttheAlignMasterport to theMoleculeiconby attachingtheblueline to it.
� SelecttheMeanMoleculeicon andpresstheall buttonof theSelectport of theMeanMolecule

module.
� PresstheDoIt buttonto computethemeanmolecule.
� Visualizethemeanmoleculebut cluster3 1.meanby attachingaMoleculeView to it.
� ConnecttheAlignMasterportof themoduleMeanMoleculeto thebut cluster3 1.meanicon.
� PresstheDoIt buttonof theMeanMoleculemoduletwo or threetimes.

You have now computeda meanmoleculeof thesubtrajectorybut cluster3 1.idx. TheAlignMaster
is usedto align all time stepsbeforeaccumulatingtheatompositions.ChangingtheAlignMasterto
the previously computedmeanmoleculeand repeatingthe computationof the meanmoleculewill
improveit. This procedureshouldconverge.

A betterway to computea meanmoleculeis to usethe modulePrecomputeAlignment, using the
Multiple Alignmentoptionof theModeport. Thismodulecreatesanobjectcontainingatransformation

14 Chapter1: amiraMol Introduction



for eachstructurein the trajectory. This objectcanthenget connectedto the PrecomputeAlignment
connectionport of theMeanMoleculemodule.

1.1.3.3 Computing and Visualizing a Con�guration Density

For thesubsetof con�gurationscontainedin thesubtrajectorybut cluster3 1.idx, we will now com-
putea con®gurationdensityandvisualizeit with theIsosurfacedisplaymodule.

� SelecttheentryCon�gurationDensityfrom thesubmenuComputeof but cluster3 1.idx'spop-
upmenu.

� Connectthe AlignMasterport of the Con�gurationDensityicon to the but cluster3 1.mean
icon.

� SelecttheCon�gurationDensityicon.
� Presstheall buttonof theSelectport.
� PresstheField buttonof theComputeport to computethedensity.
� Visualizethecreatedscalar�eld but cluster3 1.scalarwith anisosurfaceby �rst selectingthe

Isosurfaceentryfrom theDisplaysubmenuof theicon'spop-upmenu,
� second,settingtheIsosurface'sThresholdvalueto 50,
� andthird, pressingtheDoIt buttonof theActionport.
� Try differentThresholdvalues.

1.1.3.4 Comparing MetastableMolecular Conformations

The setof con�gurationsin the subtrajectorybut cluster3 1.idx belongsto a metastableconforma-
tion of butane.In this sectionwe will computethedensityof a secondmetastableconformationand
comparethetwo with eachother.

� SelecttheMolTrajectoryicon.
� Loadthedata�le but cluster 3 2.idx from thedirectorydata/molecules/alkane .
� Computethemeanmoleculeof thesubtrajectorybut cluster3 2.idxby repeatingthestepsde-

scribedabovefor thesubtrajectorybut cluster3 1.idx.
� Visualizethesecondmeanmoleculewith theMoleculeView module.
� Selectthreeconsecutive carbonatomsin the secondmeanmoleculeaswasdonein the �rst

tutorial.
� Attach the AlignMaster of the object but cluster3 2.mean to the �rst mean molecule

but cluster3 1.mean.
� Selectthebut cluster3 2.meaniconandpressthein slavebuttonof themeanmolecule'sSelect

port.
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The two meanmoleculesshouldnow be alignedto eachother, i.e., the threeselectedcarbonatoms
shouldsuperimpose.

� Computethe densityfor the secondsubtrajectoryusingthe but cluster3 2.meanmoleculeas
AlignMaster.

� Visualizethecomputeddensitywith anIsosurfacemodule.
� Double-clickon the colormapof the Isosurface2moduleandselecta differentcolor to better

distinguishthetwo isosurfacesfrom eachother.

Youshouldnow clearlyseehow thetwo conformationsof butanediffer. For largermoleculesit might
be interestingto color the isosurfaceaccordingto the atom's colors. This can be doneusing the
sameCon�gurationDensitymodulesby selectingtheColor Field optionof theField port. Attachthe
computedcolor �eld to theColorField connectionport of theIsosurfacemodule.

Noticethatyoucanalsovisualizethedensitieswith theVoltex moduleof theDisplaysubmenu.

1.1.4 Molecular Surfaces

In section1.1.1of this tutorial youhaveseenhow to visualizemoleculeswith theMoleculeView mod-
ule. Section1.1.2, on selection,labelingandmasking,showed you how to useamira's facilities to
select,mask,andlabelcertainpartsof themolecule.In this tutorial wewill

1. computeamolecularsurfacewith theCompMolSurfacemodule,
2. computethemolecularsurfacefor a restrictedsetof atoms,
3. computepartialsurfaces,
4. exploretheMolSurfaceView module,
5. getto know thepicking facilitiesof theMolSurfaceView.

1.1.4.1 ComputeMolecular Surfaces

In this sectionyou will learnhow to usetheCompMolSurfacemoduleto computemolecularsurfaces
with differentresolutions.Youwill alsobecomefamiliarwith someof themodule'sbasicports.

� Loadthedata�le 2RNT.pdb from thedirectorydata/molecules/pdb .
� AttachtheCompMolSurfacemoduleto thegreeniconby selectingthecorrespondingentryfrom

theComputesubmenuof 2RNT.pdb 'spop-upmenu.
� SelecttheCompMolSurface icon.
� PresstheDoIt buttonof theActionport.
� AttachtheMolSurfaceView moduleto thenewly createdgreenicon,2RNT-surf .

Youshouldnow seea graysolventexcludedsurfacewhich is still prettycoarse.If you wanta surface
with betterresolution,
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� increasethenumberof pointsper 	A2.
� PresstheDoIt buttonagain.
� Try differentresolutions.
� Now selectthenoduplicatepointsoptionin theOptionsport.
� PresstheDoIt button.

Dueto thelastaction,somesharpedgeswill havedisappeared.If therearenoduplicatepointsatsharp
edges,thesurfacenormalsof theadjacenttriangleswill be interpolated,thusleadingto a smoothing,
which in this casemight be undesired.However, this option is importantif it is necessaryto have a
completelyclosedsurface.

� ChangetheQualityport to faster.
� PresstheDoIt button.

You shouldobserve that someatomsdisappear. This is due to the fact that now only one surface
componentwill be computed. If the molecularsurfaceconsistsof only onecomponent,the whole
surfacewill becomputed.Sincetheunderlyingalgorithmdoesnot needto touchevery singleatom,
but approximatelyonly every secondatom,thealgorithmis muchfaster. If performanceis an issue,
you mightconsiderusingthis option.

1.1.4.2 ComputePartial Surfaces

In orderto computepartialsurfaceswe needto selecttheatomsfor which we want to computetheir
surfacecontribution.

� Opentheselectionbrowser. If youdonotknow how to dothis,takealook at thesecondtutorial.
� Typewithin(residues/HET105, 5) in thebrowser'sExpressioncommandline.
� Presstheselectionbrowser'sReplacebutton.

All atomswithin a distanceof 5 	A of theHET105residuewill now beselected.

� ResettheCompMolSurface'sQualityport backto correct.
� Selectpartial surfacefrom theOptionsportof CompMolSurface.
� PresstheDoIt button.
� Selectadjacentpatchesfrom theOptionsportof CompMolSurface.
� PresstheDoIt button.

Thelastactioncausesthepartialsurfaceto beexpandedby thetoroidalpatchesadjacentto thepartial
surface.
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1.1.4.3 Molecular Surfaceof a RestrictedSetof Atoms

The molecule2RNT.pdbcontainssomewatermolecules,which arein mostcasesnot desiredwhen
computingthemolecularsurface.In orderto excludethewatermoleculefrom thesurfacecomputation

� opentheselectionbrowseragain.
� In theselectionbrowserscroll to theendof thelist of residues.
� Click ononeof thestringsHOH in thetypecolumn.

All residuesof typeHOH shouldnow behighlighted.

� In the browser, right-click on the headingCMSwhich standsfor CompMolSurfaceandselect
theentryRemove.

� Deselectpartial surfacein theCompMolSurfacemodule.
� PresstheDoIt buttonof CompMolSurface.

For thenew surfaceonly thoseresiduesthathave a checkmarkin theselectionbrowserwereconsid-
ered.Youmaycombinethis procedurewith thepartialsurfacecomputationdescribedabove.

1.1.4.4 Exploring the MolSurfaceView

TheMolSurfaceView moduleis alreadyattachedto themolecularsurface.A secondconnectionexists
to themolecule2RNT.pdb , from whichdatais readto enhancethevisualization.

� Computethewholemolecularsurfacewith a resolutionof 2 pointsper 	A2.
� Click on theMolSurfaceView icon to seeits userinterfacein theworking area.
� Selectmoleculefor theColor Mode.
� ChangetheColor port's �rst menuentryto residues.
� Selectanappropriatecolormapfor theDiscreteCM portby right-clickingon thecolorbar.
� Switch to interactionmodeby clicking on the arrow button in the upperright cornerof the

viewing window.
� Click on thesurfacein theviewing window.

All trianglesbelongingto thepickedtriangle's residuewill behighlighted. If the trianglebelongsto
two or eventhree(maximum)residues,all of thoseresidueswill behighlighted.

Clicking onthesurfacewith themiddlemousebuttondisplaysinformationabouttheatomyouclicked
on in theupperleft cornerof theviewing window aslong asyou keepthemousebuttonpressed.If
youCtrl -click, theinformationwill remaindisplayedevenafterreleasingthemousebuttonuntil the
next mouseclick on thesurface.

� PresstheHighlighting port'sClearbuttonto removetheselection.
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� ChangethePick Actionport to clipping.
� Pickany triangleof thesurface.

All trianglesfurtheraway from thepickedtrianglethanthedistancegivenby theSelectionDistance
port will becut off. All triangleswithin this distancewill remain,however, only if they areconnected
to thepickedtrianglewithout leaving thespherearoundthepickedpoint.

� PresstheAll buttonof theBuffer port to displaythewholesurface.
� ChangethePick Actionport to surface.
� Shift -click on thesurfacein theviewing window.

All clicks on the surfacewill now be handledasyou might be familiar with from the SurfaceView
module.

1.1.5 Sequentialand Structural Alignment

In this tutorial youwill becomefamiliarwith theAlignSequencesandAlignMoleculesmodules.

TheAlignSequencestool faciliatesthecomparisonof two sequences.It canbeappliedto bothproteins
andnucleicacidsexceptfor t-rnamoleculescontainingmodi�ed bases.TheAlignSequencesmodule
is nothighly advanced,but it might suf�ce for somepurposes.

Having donethe sequentialalignment,you can usethe correspondenceproducedby the sequence
alignmentto doa structuralalignmentof themolecules.

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

Youshouldknow how to do this from the®rst tutorial. For bothMoleculeViews

� selectresiduesfrom the�rst menuof theColor port.

A color map(DiscreteCM) with constantcolor will appear. To distinguishthe molecules,choosea
differentcolor for oneof them.In orderto doso

� double-clickon thecolorbar(theColor Dialog shouldappear)and
� changethecurrentcolorby dragginganddroppingany of thecustomcolors.
� PresstheOK buttonof thecoloreditor.

1.1.5.1 SequenceAlignment

We will now usetheAlignSequencesmoduleto align thesequencesof thetwo molecules.In thenext
sectionwe will usetheassociatedaminoacidpairsfor astructuralalignment.
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� Right-click on the1IGM.pdbiconandselectAlignSequencesfrom theComputesubmenu.
� Right-click thelittle rectangleinsidetheAlignSequencesiconon theleft side.

A pop-upmenudisplayingall connectionportsopens.

� SelectMoleculeBfrom it andconnecttheport to the2JEL.pdbiconby clicking on it.

Thereshouldnow be two blue lines connectingthe AlignSequencesicon with the 1IGM.pdb and
2JEL.pdbicons,respectively.

� SelectthemoduleAlignSequencesby clicking on its icon in theobjectpool.
� Choosesemiglobalfrom thesecondmenuof theAlign Typeport.
� PresstheAlign Sequencesbutton.

If the alignmenthasbeensuccessful,a window displayingseveral slightly differentalignmentswill
appear.

� PresstheAcceptAllbutton.

This actionresultsin thealignmentsbeingwritten to themoleculesasnew levels. In orderto check
this,

� type1IGM.pdb list in theamira consolewindow.

In additionto levelssuchasatoms,bonds,residues,etc.youwill alsoseelevelsnamedsemiGlobalSe-
qAlign1to semiGlobalSeqAlign10. 2JEL.pdbhasthesamelevelswith anequalnumberof groups.

1.1.5.2 Align Moleculesby using the Mean DistanceCriteria

We cannow usethelevelssemiGlobalSeqAlign*for astructuralalignment.In orderto doso,

� right-click theicon1IGM.pdbandselectAlignMoleculesfrom theComputesubmenu.
� Right-click the little rectangleinside the AlignMoleculesicon on the left side, select the

MoleculeBentry, andconnectthemoduleto 2JEL.pdb.
� SelecttheAlignMoleculesicon to make it appearin theworking area.
� Selectany of the levelsnamedsemiGlobalSeqAlign*in theAlignLevel port andpresstheDoIt

button.

If youwantto follow thealignmentprocess,

� click theshowalignmentoptionbeforepressingtheDoIt button.

Compareyour resultto theonlinedemo.
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1.1.6 Editing of molecules

An essentialtool for manipulatingtheamiraMol moleculardatastructureis the MoleculeEditor. It
allows addingnew bondsor changingthe overall topologyof the moleculeaswell asmanipulating
Cartesianor internalcoordinates.

For eachof thesetasks,thereis an examplein the following sectionto give you an easy“learn by
doing” introductionto theavailablefeatures.Eachactionperformedwith theeditoraffectsall currently
selectedatoms.Thus,it is necessaryfor you to befamiliarwith thefunctionsof theSelectionBrowser
beforehand(seesection1.1.2onselection,labeling,andmasking).

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

� Selecttheballsandsticksrepresentationfor theMoleculeView.

Thedatastructureloadedis anenzymeof HIV in complex with theinhibitor XK263.

1.1.6.1 Invoking the MoleculeEditor

To starttheeditor

� selectthe1HVRm.pdb objectin theobjectpool andactivatethegreenpencil button in its
userinterface.

Themoleculeeditorinterfaceis now visible. However, for thetaskswewantto perform,wealsoneed
theselectionbrowser, which is openedby

� pressingtheShowbuttonof theSelectionBrowserport of 1HVRm.pdb.

1.1.6.2 Adding Bondsto a Part of a Molecule

Theinhibitor XK263 is currentlywithoutbonds.To addbonds,carryout thefollowing steps:

� Opentheselectionbrowserandselecttheresiduewith thenameXK2(it is at theendof thelist).
� Switchto theToolstabin themoleculeeditorandactivatebondlengthtablebuttonin themode

section.Then,presstheaddbuttonin theactionsection.

Addingbondsin thebondlengthtablemodewill createnew bondsin theselectedpartof themolecule
by comparingthedistancesbetweentheatomswith a tableof averagebondlengths.Theresultshould
now look like Figure1.4.

1.1.6.3 Splitting the Molecule

We now wantto split themoleculeinto inhibitor andprotein.
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Figure 1.4: Addingbondsto theligand
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� If it is not currentlyselected,reselecttheXK2residuein theselectionbrowser.
� PresstheSplit buttonon theToolstabof themoleculeeditor.

You will noticethattheatomsof theinhibitor areno longerdisplayedby theMoleculeView andthata
new object,1HVRm2.pdb, hasappearedin theobjectpool. Thisobjectcontainsthepreviouslyselected
atomsof theligand.

1.1.6.4 Adding another molecule

Theproteinof the1HVR entryis a proteasewhich usesuponewatermoleculeto split a polypeptide.
We now wantto addthewaterto theactivesiteof theenzyme.

� Loadthe�le h2o.pdb from thedirectorydata/molecules/pdb .
� Go to themoleculeeditorandpresstheAddbutton.
� In thewindow thathasopened,all othermoleculesin theobjectpool will beshown. Selectthe

h2o.pdbmoleculeandpressOK.

Theatomsof thewatermoleculehavenow beencopiedto the1HVRtut.pdbobject.

1.1.6.5 Moving Parts of the Molecule

To concentrateour view on the region of interestwe will reducethe molecularview to aminoacids
A25andB25betweenwhich thewatermoleculeshouldbeplaced.

� Typer/name=?25 OR r/type=H2O into theselectionbrowserandpresstheAddbutton.
� Now move your mouseon theMV heading,pressthe right mousebutton,andactivatetheRe-

placeoption.

With only theresiduesA25 andB25 andthewatermoleculedisplayed,all that is left to do is to drag
thewatermoleculeto its correctlocation.

� Selectthewatermoleculein theselectionbrowser(theresidueat theendof thelist).
� Switchto theTransformtabof themoleculeeditor.

� Show thepositionof thetransformdraggerby pressingthe buttonin thePositionsectionof
theTransformtab.

� Left-click on thedraggerandhold themousebuttondown. You cannow translatethedragger
in differentplanesdependingon thesideyouclickedon. Movethewatermoleculebetweenthe
two aminoacidsasshown in Figure1.5.

� To reorientatethe water molecule,click on the greenknobsof the dragger. They allow the
draggerto rotatein differentplanes.

First Stepswith MolecularVisualizationin amira 23



Figure1.5: Moving thewatermoleculeto thedesiredlocation
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Repeatthestepsdescribedaboveuntil youaresatis�edwith theresult.

To apply thechangesthatyou madeto theeditedmoleculeyou have to presstheapplybuttonor end
theeditingby usingtheokbutton.

1.1.7 Molecular Interfaces

This tool is particularlyinterestingfor visualizingcontactareasbetweenpartsof a singlemolecule,
or betweendifferentmolecules,e.g.,enzymesandtheir ligands.In this examplewe will considerthe
secondcase.

� Pleaseloadthe�le 2RNT.pdb from thedirectorydata/molecules/pdb .

1.1.7.1 De�ning groups

In this sectionwe will createa new level, calledinterface, for themoleculeandde�ne two groupsof
thelevel, substrateandreceptor, respectively.

� Selectthe2RNT.pdb icon in theobjectpoolby clicking on it.
� Now click in theconsolewindow to activateit, andpresstheTABkey.

Thenameof theselectedicon,2RNT.pdb , shouldappearin theconsolewindow. If it doesnot,

� pleasetype2RNT.pdb .
� On thesameline, typedefine interface/substrate residues/HET105

Thefollowing text shouldnow bewritten in theconsolewindow
2RNT.pdb define interface/substrate residues/HET105

� PresstheENTERkey.

You have now de�ned the groupsubstrate in the level interface. The groupconsistsof 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 excludethesubstrateandwith NOT residues/type=HOH
we excludeall watermolecules.Thus,thereceptoris de�ned asconsistingof all atomsnotbelonging
to eitherthesubstrateor any watermolecule.

If you now list all levelsby typing

� 2RNT.pdb list
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youwill seeaninterfacelevel containingtwo groups.

� Type2RNT.pdb list interface

andall groupsof theinterfacelevel will beprintedin theconsolewindow.

1.1.7.2 Computing the Interface

We will now computetheinterfacebetweenthereceptorandthesubstrate.Theinterfacebetweentwo
moleculesis de�ned asthesurfaceequidistantto bothmolecules.For theapproximationwe compute,
this might not be exactly true for all pointson the surface. The moduleto computethe interfaceis
calledCompMolInterface.

Now, to computetheinterface,

� right-click theicon2RNT.pdb andselectCompMolInterfacefrom theComputesubmenu.
� Selecttheicon labeledCompMolInterface in theobjectpool.
� Chooseinterfacefrom theLevelsmenuof theCompMolInterfacemodule.
� PresstheDoIt button.

Two objectsresultfrom thisaction,aninterfaceobjectof typeMolSurface, 2RNT-interface.surf, anda
distance�eld of typeUniformScalarField3, 2RNT-distance.surf.

1.1.7.3 Visualizing the interface

Finally, wewill view thecomputedinterfacein theviewing window with theMolSurfaceView module.

� Right-click on the2RNT-interface.surf iconandselectMolSurfaceView.
� Right-clickonthesmallleft-mostrectangleontheMolSurfaceView iconandconnecttheColor-

Field port with thedistance�eld 2RNT-distance.�eld .

Theuserinterfaceof theMolSurfaceView moduleshouldbevisible in theworkingarea.

� Choosethe�eld optionfrom theColor Modeport,resultingin anew port,Colormap, appearing
in theuser-interface.

� Right-click on thecolormapbarandchooseany colormap.
� Playaroundwith thecoloringby changingthecolormaprange.Thefull rangeof valuescanbe

seenwhenyouselectthe2RNT-distance.�eld , i.e, click on it.
� Also, changethe Cutoff distancein the CompMolInterfacemodule,e.g.,to 1.0, andthe Voxel

size, e.g.,to 0.5.
� See,whathappenswhenyoupresstheDoIt buttonof theCompMolInterfacemodule.
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Warning: If you choosea very small voxel size,the computationmight take very long. Also, there
might notbeenoughmemoryto storesucha largedistance�eld. Usually, 1.0or 0.5aregoodvalues.

After having donethestepsdescribedabove,whatyouseeshouldbesimilar to theNucleasedemoon
thedemopages.Theinterfacehere,however, hasbeengeneratedfrom two separate�les.

1.1.8 Measurement

In this tutorial you will learnhow to measuredistancesandanglesbetweenatomsin a molecule.For
this tutorial it is necessaryfor you to havealreadydonethetutorial 1.1.1.

� Loadany moleculefrom thedirectorydata/molecules/* andconnecta MoleculeView to
it.

� SelecttheMoleculeView by clicking on its icon in theobjectpool.
� SelectballsandsticksModeandfastQuality.
� Next, right-click ontheMoleculeView icon,andselectMeasurementfrom thepop-upmenu.

Theuserinterfaceof theMeasurementtool shouldnow bevisible in theworking area.An Info port
tells you thatyouneedto select2, 3, or 4 atoms.In orderto doso,switchto interactionmodeby

� pressingtheESCkey or by pressingthearrow button in theupperright cornerof theviewing
window.

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

� Select2, 3, or 4 atomsandobservewhatis beingdisplayedin theuserinterfaceof theMeasure-
mentmodule.

TheCtrl -key is alsousedto deselectatoms.

1.2 Molecular Data Structures

Severalmolecular�le formatsincluding, for example,PDB, Tripos,andUniChem,canbe readand
written by amiraMol, other �le formats,suchas CHARMM, can only be read. The information
readfrom the data�les will be storedin different typesof objects: Molecule, MolTrajectory, and
MolTrajectoryBundle.

Molecule. Singlemolecularcon�gurationsarerepresentedasdataobjectsof typeMolecule. Thiskind
of objectcaneitherbecreatedby loadinga �le containingasinglemolecularstructureor by attaching
it to an objectof type MolTrajectory, in which caseit will act asa projector, extractingoneof the
trajectory's ' timesteps',i.e.,a singlestructure.
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Figure1.6: MoleculeView (left andmiddle)andBondAngleView (right) displaythemoleculesimultaneously.

Trajectory. The MolTrajectorydatastructurerepresentsa seriesof molecularcon�gurationsof the
samemolecule.Again two casesarepossible.Eitherthetrajectoryis loadeddirectly from a �le. Or it
canbeattachedto anobjectof typeMolTrajectoryBundle, extractingoneof thetrajectoriescontained
in thatbundle.

Bundle of trajectories. A trajectorybundlere�ects thecaseof a �le containingmorethanonemolec-
ular trajectory. If sucha �le is loadedinto amira, an object of type MolTrajectoryBundlewill be
created.A singletrajectorycanbeaccessedby attachingaMolTrajectoryobject.

1.2.1 Inter nal Structure of Molecules

An objectof datatypeMoleculecontainsinformationaboutthestructureof amoleculeandtheatomic
coordinatesof oneof its con�gurations. The mandatorypart of structuralinformationconcernsthe
numberandtypesof all atomscontainedin themolecule.All thetopologicalinformationis organized
in levels which are cliquesof groups. Eachgroup containsother groupsor atoms. The simplest
exampleis thelevel bonds, whichconsistsof groupsof two atoms.

Somelevelscanbuild hierarchies.For example,a residueconsistsof anumberof atoms,andacouple
of residuesmayform a secondarystructure.Theselevelsandgroupscanbede�ned by �le readersor
interactively via Tcl commands.

1.3 Displaying Molecules

Moleculescanbe visualizedwith the MoleculeView, BondAngleView, SecStructureView, or Tube-
View modules.A sampleoutputof the�rst two modulesis shown in Figure1.6.

In addition,therearetwo modulesfor generatingmolecularsurfaces.TheCompMolSurfacemodule
enablesyou to generatethe solventaccessible, solventexcluded, and van der Waals surfacesof a
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molecule.TheCompMolInterfacemodulecanbeusedto generateintra-andintermolecularinterfaces,
suchasbetweensingleatomsor residues,or betweentwo molecules,respectively.

1.3.1 Coloring Molecules

Theatom-orientedmodulesMoleculeView, BondAngleView, Con®gurationDensity, andMolSurface-
View allow acoloringonaper-atombasis,i.e.,eachatomisassignedacolor. Ballsin theMoleculeView
will have thecorrespondingcolors.Stickswill besplit into halvescoloredaccordingto their attached
atoms.In theBondAngleView, atomcolorsareassignedto theverticesandcolor is interpolatedover
thetriangles.

To determinethecoloringyoucanchoosealevel,e.g.,atoms,residues,secondarystructures,or chains.
Furthermore,youcanchooseoneof thelevel'sattributes.Thecoloringwill thenbedoneaccordingto
thegroup'sattributessuchthatall atomsof thesamegroupwill havethesamecolor.

Color

A moleculemaybecoloredaccordingto variousschemes.For example,eachatomof a speci�c type
may have the samecolor. Anotherpossibility is to give all atomsbelongingto a certaingroupthe
samecolor. The�rst menuof theColor port speci�esthegrouplevel, e.g.,atoms,residues,secondary
structures,or chains. The secondmenuallows you to decidewhich attribute of the speci�ed level
shouldbeconsideredto color its groups.
If you pressthe Legendbutton, a separatewindow will be opened,which displaysa legendof the
coloring,i.e. atableassociatingcolorswith attributevaluesaccordingto thecurrentcoloring.Clicking
on thetext to theright of acolorwill selectall atomswith this color.

Continuous CM

This colormapis usedto mapvaluesof �oat attributesto colors. For optimalmapping,thecolormap
rangemustbe setcorrectly. By default, the rangeis setto the minimum andmaximumvaluesthat
occurusingthechosencolor scheme,if 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 pressingthebuttonyoucantoggle
betweenlocal andglobal range.

The default colormaphasa constantcolor over thewhole range.By leaving it constantyou give all
atomsthe samecolor, which may be useful if you want to comparedifferentmolecules.For more
information,seethesectiononcolormaps.

DiscreteCM

This colormapis usedto mapvaluesof discreteattributes,like integersandstrings,to colors.
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De�ne Color

Thisportcanbeusedto overwritethestandardcolorsof theselectedcolorscheme.With theAll button
you canseta new color for all atoms.The Clear button unsetstheuserde�nedcolorsfor all atoms.
TheSetandUnsetbuttonsoperateon thesetof highlightedatoms.Thesebuttonscanbeusedto set
andunsetthecolorsof thoseatoms,respectively.

1.3.2 Selectingand Filtering atoms

Varioustasksrequiretheselectionof atomsin a molecule.Themostprominentarethealignmentof
moleculesandtheselective displayof moleculeparts.amira offers two selectionmethods.You can
selectatomsvisually via any of the viewing modules. Alternatively, selectioncanbe donevia the
molecule'sselectionbrowser, whichcanbeopenedby pressingtheShow buttonof themolecule.

1.3.2.1 Selectionof Atoms with a Viewing Module

Theselectionof atomswith a viewing modulecanbedonein two ways. The�rst way is by clicking
oncertaindisplayedpartsof themolecule.In general,thiswill highlight theselectedparts.By default,
thenumberof atomsthatwill beaffectedby a click dependson theselectedgrouplevel of thecolor
port. For example,if the atomsin the viewing modulearecoloredaccordingto the residueslevel,
all atomsbelongingto the sameresidueas the picked atomwill get selected.However, sincethis
is very restrictive, you caneasilychangetheselectionmodeto themostcommonlevels, i.e., atoms,
residues,secondarystructures,andchains. In order to choosea certainlevel for the selectionyou
needto presscertainkeys in advance. Ctrl-a choosesthe atomslevel, a click on an atom will
only in�uence theselectionfor this atom. Ctrl-r , Ctrl-c andCtrl-s chooseresidues,chains
andsecondarystructure levels,respectively. To switchbackto thedefault behaviour, wherecoloring
determinesselection,pressCtrl-d .

If youpick anotherpart,thepreviouslyhighlightedatomswill beunhighlightedandthenewly selected
atomsarehighlighted.Ctrl -clicking a partof themoleculeleavestheexisting selectionstateof all
atomsunchangedexceptfor thenewly selectedatoms.If theselectedatomshadbeenselectedbefore,
they will get deselected,otherwisethey will get selected.On the onehand,this allows you to add
atomsto theselection,on theotherhandit alsoallowsyou to deselectatoms.

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

If you do any selectionby clicking in the viewer therewill be someoutput in the consolewindow
informing you aboutwhatyou have selected,theamountof outputcanbecustomizedvia thePrefer-
encesdialog,which is openedby choosingthePreferencesentryfrom theEdit menu.Thepreferences
concerningamiraMol arefoundon theMoleculestab.
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Highlighting

Thesecondway to selectpartsof themoleculeis by usingthefunctionalityof theHighlightingport.

� If youpresstheBoxbutton,themolecule'sboundingboxwill bedisplayed.All atomscontained
in theboxwill behighlighted.Youcanchangethesizeof theboxin interactionmodeby clicking
on thehighlightedhandles(usuallyin a light green)of thebox. Keepthemousebuttonpressed
anddragin thedesireddirection. Noticethat thebox will not exceedthemolecule's bounding
box. Youcanalsomovethebox within theboundingbox by clicking on oneof thebox'ssides.
Pressingtheboxbuttona secondtime hidesthebox.

� After pressingthe Draw button, you candraw a line in the viewer window which selectsall
atomsthatareinsidetheline. PressingtheCtrl -key while drawing invertstheselection.With
theShift -key youcanremoveatomsfrom theselection.

� TheClear-key deselectsall atomsandhidesthebox if it is visible.

1.3.2.2 Filtering atoms

Filtering atomsgivesus the ability to hide partsof the moleculefor a certainmodule. All viewing
modulesandsomecomputationalmodules,suchastheCompMolSurfacemodule,containa �lter that
keepstrackof all atomsof amoleculewhicharecurrentlyin use. Thetermin usemeansthatthemod-
ule will only seethein useatomsandregardall otheratomsasnon-existing. Thus,a viewing module
will only displaythein useatoms,andthecomputationalmoduleCompMolSurfacewill computethe
molecularsurfaceignoringthenot in useatoms.Each�lter will registeritself at themolecule'sselec-
tion browser, so that you caneasilydeterminethe in useatomsof a module. For moreinformation
abouthow to do this,seethedescriptionof theselectionbrowser.

In mostmodules,the�lter' s Buffer port will bevisible,which addsto theconvenience.Thefunction-
ality of theBuffer port is describedbelow.

Buffer

PressingAddwill appendtheselectedatomsto the in useatoms.TheRemovebuttonwill deletethe
selectedatomsfrom the in uselist. Replacewill �rst clear the in uselist andthenaddthe selected
atomsto it. Finally, theAll andClearbuttonsareshortcutsto deleteor addall atomsfrom or to thein
uselist, respectively.
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1.4 Aligning Molecules

To comparethestructuresof severalmoleculesit is necessaryto bring theminto a suitablegeometric
arrangementrelative to eachother, becausetheir absolutepositionsin thecommoncoordinatesystem
aregenerallymeaningless.By arrangingthemoleculesin variousdifferentways,you caninvestigate
variousaspects.

1.4.1 Alignment of Trajectories

amiraMol offers a reusablecomponentfor the alignmentof molecules. It appearsin several mod-
ules,e.g.,Molecule, Con®gurationDensityandMeanMolecule. Here,we will giveanoverview of the
availablefunctionality.

Two connectionportsaresupplied:

AlignMaster [optional]

To computeanalignmentrelativeto areferencemolecule,thisportmustbeconnectedto thereference.

PrecomputedAlignment [optional]

Thisport canbeconnectedto analignmentprecomputedby usingthemodulePrecomputeAlignment.

Thecontrolof thealignmentis donevia threeports,asdescribedbelow:

Transformation

Thisportallowsyou to specifyhow themoleculeshouldbealigned.Thepossibleoptionsare:

none: Atom coordinatesareleft asthey are.

centerof gravity: Themoleculeis positionedto thecoordinatecenter(centerof gravity) by applying
a translation.

align to master: This mode requiresa mastermoleculeto be connectedto the AlignMaster port
which is usedasa referenceto which othermolecules,the slaves, arealigned. We consider
correspondencesbetweenatomsfrom thereferencemolecule,i.e. master, andatomsfrom the
moleculeto be aligned,i.e. slave. The alignmentis doneby minimizing the sumof squared
distancesbetweenall correspondingatoms.

precomputed: This option is only enabledif the PrecomputedAlignmentconnectionport is con-
nectedto analignmentobjectthathasbeenpreviouslycomputed.If precomputedis chosen,the
transformationwill betakendirectly from this object.
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external: This option indicatesthat themolecule's global transformhasbeenexplicitly set,e.g.,via
theTcl commandsetTransformor by usingtheTransformEditor.

Select

This port becomesimportantif align to masteris selected.It givescontrolover theatomsin theslave
andthe masterthat areusedfor the alignment. In the generalcasemasterandslave moleculesare
different,i.e. theirnumbersof atomsdiffer, andanalignmentrequiresanexplicit speci�cationof pairs
of atoms. This canbe doneby highlighting atomsin both moleculesvia the MoleculeView module
andthenpressingthein bothbutton. Dependingon whethertheoptionmenuis setto Setor Add, the
highlightedatomswill eitherreplaceanexisting list of selectedatomsor otherwisewill beappended
to it. Thematchingbetweenatomsin thetwo moleculesis de�ned by their orderof selection.

Thebuttonsall, in slave, andin masteroffer shortcutsfor thefrequentcaseof slaveandmasterhaving
thesamenumberof atomsincluding theassumptionthat their orderde�nes a naturalmatching.The
easiestway is to useall atomsby pressingall. Selectionof a subsetcanbe doneby highlighting in
eithertheslaveor themasterandthenpressingin slave, or in master, whichwill usetheselectedatoms
in therespectivemoleculefor theothermolecule,too.

Selection

If align to masteris selected,this port displaystheexisting stateof selectionthat is usedto compute
thealignment.Possibleformsare:

empty: No atomsareselected.At leastthreearenecessaryfor analignment.

all atoms: Masterandslave havethesamenumberof atomsandall areusedfor thealignment.

0, 5, 6: A list of indicesimplies thatmasterandslave have thesamenumberof atomsandidentical
subsetshavebeenselected.

0 ! 7, 5 ! 6, 6 ! 5: A list of index pairs(masterindex ! slave index) indicatesa matchingresulting
from individualselectionsin masterandslave.

1.4.2 Mean DistanceAlignment

Apart from theabove mentionedalignmentprocedure,thereexistsa modulethatallows you to align
two moleculesby usingthemeandistancecriterioninsteadof themeansquareddistance. SeeAlign-
Moleculesfor moreinformation.
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1.4.3 Sequencealignment

amiraMol allows you to align the sequencesof two molecules. Threealgorithmsareavailable for
usedependingon the kind of dataandyour needs:local, semi-global,andglobal alignment. The
algorithmswork both for proteinsandribonucleicacids,whereast-RNA moleculesarecurrentlynot
supportedbecausethey containmodi�ed bases.This modulecanbevery helpful whenusedin con-
junctionwith theAlignMoleculesmodule.

1.5 Visualizing Molecular Trajectories and Metastable Confor-
mations

A MolTrajectorycanbevisualizedvia animationof singletimestepsby attachinga Moleculemodule
to the MolTrajectory and then attachinga MoleculeView or BondAngleView to the Molecule. The
animationis controlledvia theMolecule'sTimeport.

For MolTrajectoriesthat representmetastableconformations,the modulesMeanMolecule, Precom-
puteAlignment, andCon®gurationDensitycanbeused.TheMeanMoleculemodulealignsall stepsof
a trajectoryandcomputesa meanmoleculeby averagingevery atomiccoordinateoverall time steps.
Insteadof computingthemeanmoleculeto a reference,aswith theMeanMoleculemodule,thePre-
computeAlignmentmoduleallowsyouto �nd theoptimaltransformationof eachtimestepto minimize
theoverall sumof squareddistances.With theRankTimeStepmoduleyou cansearchin a trajectory
for a desiredtime step,usingdifferentcriteria,suchasthermsdvalueto a givenreference.

TheCon�gurationDensitymodulegivesan impressionof the fuzzinessof theconformationby com-
putinga probabilitydensityfor thepositionsof atomsandbondswithin a moleculartrajectory. This
densitycanthenbevisualizedwith theIsosurfaceandVoltex modules.

1.6 Atom Expressions

1.6.1 Overview

Atomexpressionsarea querylanguageto �nd andselectatomsof certainpropertiesin themolecule
for further action. The mostimportantapplicationof atomexpressionsin amira is the highlighting
sectionof theSelectionBrowser.

In amira, amoleculeis separatedinto groupsof differentlevels.Eachgroupcontainsasetof attributes.
(Moredetailsof thisconceptcanbefoundin thedescriptionof theAttributeEditor). Atom expressions
areasimpleform of a relationalquerylanguagewhichaccessestheseattributes.

Thesimplestform of anatomexpressionis anatomspeci�er. This is a literal de�ning a level, oneof
its attributes,andaconditionfor thisattribute.For example,atoms/atomic number=8 de�nesall
atomswhoseatomicnumberattributeequals8 (i.e.,all oxygens).

34 Chapter1: amiraMol Introduction



Such atom speci�ers can be combinedwith logical operatorslike AND, ORand NOT. For exam-
ple, atoms/atomic number=8 AND NOT atoms/charge=0 will selectall chargedoxygen
atoms.

Thereareadditionaloperatorslike WITHIN, BONDEDandGROUPwhich applycertainconditionsto
coordinatesor bondstructure.Theseareexplainedin sectiononoperators.

1.6.2 Grammar

All possiblesyntaxesof atomexpressionsareshown in thefollowing grammar. Thedifferentliterals
andoperatorsarefurtherexplainedin thefollowing sections.

atomExpr! ( atomExpr)
j NOT atomExpr
j atomExprAND atomExpr
j atomExprOR atomExpr
j WITHIN (atomExpr,�oat)
j BONDED(atomExpr[,int])
j GROUP(groupParts)
j CS
j atomSpeci�er

atomSpeci�er! hierName/[attrName=]ID
groupParts! groupPart

j groupPart,groupParts
groupPart ! groupSpeci�er

j groupSpeci�er[bondOrderSymbolChar]groupSpeci�er
groupSpeci�er! [!] elementSymbolindex

1.6.3 Literals

As mentionedin theoverview, thesimplestform of anatomexpressionis anatomspeci�er. An atom
speci�er consistsof threeliterals: hierName, theoptionalattrName, andID.

hierName standsfor a nameof a hierarchylevel (e.g.,residues ). Thefollowing abbreviationscan
beusedfor themostcommonlevels:
a=atoms,r=residues,b=bonds,s=secondarystructure,c=chains

attrName is optionalandspeci�es thenameof an attribute (e.g.,temperature, occupancy,
type, ... ) of thegiven level. If it is omitted,the ID is assumedto specifytheattributenameor
index asshown by the list command. If an attribute nameis given, the ID is assumedto standfor
valuesof theattribute.

To seewhich hierarchylevelsandrespective attributesarede�ned for a givenmolecule,take a look
at theColor port which is usedin severalmodules.Theright pull-down menuwill show all available
attributesfor thelevel chosenin theleft pull-down menu.
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ID speci�esan identi�er of a memberof thegivenhierarchyandattribute. It canbe thename/index
of thegroup(e.g.,L112 for residue112on chainL) or thetype(e.g.,ASPfor all aspartateresidues).
Wildcardssuchas* and? may be used,or ranges(e.g.,L112-L115)may be given. For the atom
level thereis a specialcaseto beconsidered.Moleculesin amira usuallycontainanatomicnumber
attribute insteadof an elementsymbolattribute. To selectatomsvia their elementsymbolyou can
simply type a/element. Thusthe atomspeci�er for all oxygenatomsa/O is equivalentto the atom
speci�er a/atomicnumber=8.

Insteadof the '=' comparisonyou canalsousethecomparisonoperators'¡', '¿', '¿=' and'¡='. Note
however thatthey areonly availablefor index, integerand�oat attributes,not for stringattributes.

Anotheratomexpressionform involving several literals is the groupParts expressionwhich is used
with theGROUPoperator. Operatorswill beexplainedin thenext section.

1.6.4 Operators

Logical Operators
SeveralatomSpeci�ercombinationscanbe usedin oneexpressionby linking themlogically via the
operatorsAND, OR, andNOT(&, j, and!). Prioritiescanbespeci�edusingusualparentheses( and) .

WITHIN(atomExpr,float)
Thisoperatorselectsall atomswhicharenearerthan�oat 	A to any of theatomsspeci�edby atomExpr.

BONDED(atomExpr[,int])
With this operator, all atomsthatarerecursively connectedto any atomsspeci�ed by atomExprwill
be chosen.You canoptionally specifyan integer valuede�ning the maximalbondsteps. If this is
omitted,therewill beno limit.

CS
CSspeci�esall currentlyselected(highlighted)atoms.

GROUP(groupParts)
The GROUPoperatoris a powerful tool to �nd functional groupsby searchingfor a certainatom
andbondpatternin themoleculargraph.To de�ne a graphasasearchpattern(groupParts), youmust
divideit into linearpiecesof sequentialatoms(agroupPart). Eachatommustbede�nedby its element
symbolandanindex which distinguishesit from otheratomswith thesamesymbolbut otherindices
(groupSpeci�er). Thus,C1C2C3would be a groupPart consistingof threedifferentgroupSpeci�ers
representinga chainof threecarbons.This grouppartcannow becombinedwith anothergrouppart
by usingoneof its groupSpeci�ers asbranchpoint (e.g.,C2O1H1for a hydroxyl groupbranching
from the secondcarbonof the chain). At the beginning of eachgroup speci�er, therecan be an
optional`!'. If it is given,thegroupSpeci�eris only usedfor matching,but thecorrespondingatoms
will not beselected.(Thus!C1O1H1 would �nd thehydroxyl groupswithout selectingthe�anking
carbon,which mustbe given,however, to avoid selectingstructures,suchasOH groupsin H2O). If
theatomSpeci�erin questionappearsseveraltimes(to de�ne branchpoints),it is suf�cient to markit
with theexclamationmarkonce.
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Consecutive atomSpeci�ers in a groupPart areusuallynot divided from eachother. This meansthat
theremustbea bondof any typebetweentheconsecutiveatoms.If youwantto de�ne thebondorder
further, you cangive anoptionalbondOrderSymbol. (`-' for a single,`=' for a double,`#' for a triple
and`'̃ for anaromaticbond).

Takea carboxylgroupasanexample.To de�ne thegrouppattern,thecentralcarbonatom(C2)needs
to beconnectedto threeatoms:two oxygens(O1,O2), andoneothercarbon(C1). This canbedone
in thefollowing way: GROUP(!C1C2O1,C2O2H1). Thus,thehydroxyl group(O2H1)is givenasa
branchof theCCOchain.Thereare,of course,severalotherwaysto split thisbranchinto linearpieces
which you caneasily �nd yourself. If your moleculecontainsthe bondtype attribute, you canalso
makeuseof thedoublebond.ThustheexpressionbecomesGROUP(!C1-C2=O1,C2-O2-H1) .

Notice: Thekeywordsdo not needto be in capitalletters.Lower caseletters,evena combinationof
loweranduppercaseletters,worksaswell.

1.6.5 Shortcuts

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

Thestandardaliasesincludedin thecurrentamira releasearelistedin Table1.1.

1.6.6 Further Examples

� atoms/5-8
all atomswhoseindex is in therange5 to 8, inclusive.

� atoms/atomic_number>1
all atoms,excepthydrogens

� s/type=helix AND NOT (a/C OR a/N)
all atomswhichbelongto helices,exceptC andN atoms.

� r/type=A*
all atomswhichbelongto residueswhosetypenamebeginswith theletterA.

� BONDED(a/4 OR a/100,6)
all atomswhichareconnectedvia at most6 stepsto thetwo speci�edatoms

� WITHIN(r/A11,3.1) AND C
all carbonatomswhich arenot away further than3.1 angtromsfrom atomsof residue11 on
chainA

� GROUP(C1C2C3C4C5C6C1)
all cyclesconsistingof 6 carbons(e.g.,cyclohexane).

� acidic AND helix
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acidic acidicaminoacids
acyclic acyclic aminoacids
aliphatic alipathicaminoacids
alkali atomswhicharealkali metals
alkaliearth atomswhicharealkali earthmetals
all selectseverything
amino aminoacids
aromatic aromaticaminoacids
at adenineor thymine
backbone atomsof proteinor DNA/RNA
basic basicaminoacids
buried aminoacidswhichareusuallyfoundinsidetheprotein
cg cytosineor guanine
charged chargedaminoacids
cyclic cyclic aminoacids
h2o watermolecules
helix helices
halfmetallic atomswhichhavehalfmetallicproperties
halogens halogenicatoms
hetero heterogenicatoms
hydrophobic hydrophobicaminoacids
ions chargedheterogenicatoms
metallic atomswhichhavemetallicproperties
neutral neutralaminoacids
noblegas atomswhichhavenoblegasproperties
nonmetallic atomswhichhavenonmetallicproperties
nucleic nucleicacids
nucleicbackbone backboneatomsof RNA/DNA
polar polaraminoacids
proteinbackbone backboneof a polypeptide
purine adenineor guanine
pyrimidine cytosineor thymine
sheet sheets
sidechain atomsof theproteine/RNA/DNA whichdonotbelongto thebackbone
site
surface aminoacidswhich tendto befoundon thesurfaceof molecules
turn

Table 1.1: Prede®nedexpressionsfor selectingpartsof moleculesin amira.
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all atomsof acidicaminoacidswhichbelongto helices

1.7 MoleculeSelectionBrowser

Theselectionbrowseris a handytool for investigatingthetopologyof a molecule.It consistsof three
mainparts:themenubar, ascrollwindow, andahighlightingsection.In thescrollwindow all itemsof
achosenlevel will bedisplayed.Mostof thepop-upmenusin themenubarallow you to controlwhat
is beingshown in thescrollwindow. Finally, thehighlightingsectionprovidesfurtherfunctionalityfor
theselectionof itemsin thescrollwindow.

The selectionbrowserenablesyou to quickly selectpartsof the molecule,which will thenbe high-
lightedin thebrowseraswell asin theviewerby thedisplaymodulesconnectedto themolecule.The
highlightingallowsacorrelationbetweenthetopologyandthemolecule's three-dimensionalstructure
to beestablished.Highlightedatomscanbeusedfor masking.Thus,you canconcentrateon speci�c
regionsof interest.Furthermore,maskingallowsdifferentrepresentationsto becombinedquickly and
easily.

1.7.1 The scroll window

1.7.1.1 Displayed information

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

If thereis additionalinformation for an item, it will be displayedin the following columns. If the
information is not available, the entry will be empty. Additional informationtypically includesthe
item's typeandthemembershipof theitem in somelevel. Notethatonly thedirectmembershipwill
beconsidered,i.e., if an item is not a memberof somelevel, but a memberof somegroup,that is an
item of the level, the membershipinformationwill not be displayed.An exceptionis beingmadeif
atomsis chosenasthemasterlevel. In thiscase,amiraMol displaysall groupsof theinformationlevel
theatombelongsto.

If thereareany displaymodulesor othermodulescontaininga �lter connectedto themolecule(see
introductorysectionon thedisplayof molecules), therewill bemorecolumnsto theright of the info
columns- onepermodule. Thesecolumns,which we will call modulecolumns, areusedto display
whetheranitemis in useby amodule.For eachitemarectanglewill bedrawn in eachmodulecolumn.
If the item is completelyin useby a module,therectanglecontainsa checkmark. If it is partially in
use, i.e. somebut not all of its groupitemsare in use, the checkmark will be gray. Thereis one
othersymbolthatmightbedisplayedin therectangle,a`B'. The`B' standsfor backboneandindicates
that theatombelongsto thoseatomscurrentlyde�ned asthebackbone.This will bedescribedin the
following subsections.The`B' mightbeblackor gray. Again,graymeanstheatomis not in useby the
module.A blackletterindicatesthattheatomis in use, but simplybecauseit belongsto thebackbone.
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1.7.1.2 Item and information columns

If anitemis agroup,i.e., it containsitems,a little iconwill beplacedto theleft of theitemname.You
canclick on theicon to open/closetheitem, i.e., to show or hidethecontaineditems,respectively.

In order to selectan item in the scroll window, you canclick on the respective item, which will be
highlightedimmediately. To togglethe selectionof an item, you mustCtrl -click the item. When
Shift -clicking an item a whole rangewill be selected.You canalsodragthe mousewith the left
mousebutton pressedover a rangeof itemswhich selectsall of them. Ctrl -click anddragagain
togglestheselection.If anitem is fully selected,it will behighlightedin red. If at leastonebut notall
of its subitemsareselected,amiraMol considersthe item to bepartially selectedandhighlightsit in
green.

It is alsopossibleto selectitemsby typeor otherinformationin theinformationcolumns.If youclick
on thedisplayedinformationfor anitem,all itemswith thesameinformationwill alsobeselected.

1.7.1.3 Module columns

If thereareany modulescontaininga �lter connectedto the molecule,suchasMoleculeView, Sec-
StructureView, CompMolSurface, or MolSurfaceView therewill be modulecolumnsin addition to
themasterandinformationcolumns- onepermodule. Eachof thesecolumnscontainsa checkbox
for eachitem displayed. The checkbox containsinformationaboutwhetheran item is in useby a
moduleor not. Beforethe differentstatesof a checkbox areexplained,we will make a shortside
trip. For convenience,all atomsareclassi�ed asbelongingto thebackboneor not. You canrestrict
your selectionto only backboneatoms,which meansthatanatomwill only beusedby themoduleif
it belongsto thebackbone.Apart from thatyou mayalsowantto useat leastall backboneatomsplus
additionalatoms.Therefore,internally therearetwo arrays,onecontainingall backboneatomsand
onecontainingso-calledselectedatoms.Dependingon thebackbonemode,therearethreechoices:

� all atomscontainedin eitherarraywill beused, or
� all atomscontainedin botharrayswill beused, or
� only thoseatomscontainedin theselectedarraywill beused.

Usingthosetwo arraysallows you to quickly changebetweenbackboneatomsandall otherswithout
losingthepreviousatommasking.

Now let'sgobackto thecheckboxstates.Thereare� vedifferentstatesof acheckbox, includingone
statewith two differentmeanings.

� Thebox is empty:thecompleteitem is notshown by theviewer.
� Theboxcontainsablackcheckmark: thecompleteitem is shown.
� The box containsa gray checkmark and the item is an atom: the atom is a memberof the

selectedarray, but is still not shown dueto the backbonemode,i.e., it doesnot belongto the
backbone.
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� Theboxcontainsagraycheckmarkandtheitemis notanatom:theitemis only partiallyshown
in theviewer.

� Thebox containsa black`B' (only for atoms):theatomis shown simply becauseit belongsto
thebackbone.

� Thebox containsa gray`B' (only for atoms):theatomis not shown, but belongsto theback-
bone.

Clicking on a box togglesits state.You canalsoclick on oneitem andthendragthemousepointer
overmultiple items.All of theseitemswill besetto thesamestateasthe�rst item.

In additionto directlyclicking onabox,thereis anotherway to changethestateof thecheckboxes.If
you click on theheaderof a modulecolumnwith theright mousebutton,a pop-upmenuwill appear
containingthefollowing entries:

� Add: addsthecurrentlyhighlightedatomsto the`selected'array.
� Remove: removesthehighlightedatomsfrom theselection.
� Replace:replacesselectionby highlightedatoms.
� Clear:clearsthe`selected'array.
� All: selectsall atoms.
� Restrictto: thispop-upmenuallowsyouto restrictthesetof displayedatomsto someprede�ned

set.
� Combinewith: if oneof theentriesin this pop-upmenuis selected,thechosensetwill be the

minimumsetthatis beingdisplayedby therespectivedisplaymodule.
� Set:the`selected'arrayis setto thechosenprede�nedsetof atoms.Startingfrom thisselection

youcanaddor removepartsof themolecule.

1.7.2 Highlighting section

This browsersectionconsistsof a text �eld anda button row. In the text �eld you can type atom
expressions. Theexpressionsyou typewill be saved in a history. Using theUp andDown keys you
cangobackto previousexprssions.If you presstheReturn -key, thecurrentexpressionwill beused
to replacethecurrenthighlighting,henceit is a shortcut to pressingtheReplacebutton(seebelow).

1.7.2.1 Buttons

Thebuttonswork in conjunctionwith theexpressionin the text �eld. Whenpressingany of the �rst
threebuttons,the atomexpressionwill be evaluated,andtheatomscorrespondingto the expression
will beaddedto, removedfrom, or replacethehighlighting,respectively. Thelast threebuttonsclear
thehighlighting,highlightall items,or undothelastchange,respectively. Thereexist shortcutsto all
buttons,which work whentheExpressionline hasthe focus. The shortcutsareasfollows: Ctrl-
A for Add, Ctrl-R for Remove, 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-upmenuswhichwill beexplainedbelow.

1.7.3.1 MasterLevel

TheMasterLevel menucontainsall levelscurrentlyde�ned in themolecule's topology. All groupsof
thecurrentmasterlevel will bedisplayedin thescrollwindow.

1.7.3.2 Options

The Optionsmenuallows you to quickly openandcollapseitems, i.e., to show andhide the items
containedin otheritems.

1.7.3.3 Inf o

With thehelpof theInfo menu,you candisplayadditionalinformationcolumns,suchastype,index,
or theitem'smembershipin a groupof somelevel.

1.7.3.4 Modules

If you have many displaymodulesconnectedto themolecule,thelargenumberof columnsmight be
confusing.If you areonly working with oneor a few of thedisplaymodules,you might wantto hide
theothercolumns.Thiscanbedonewith thehelpof this menu.

1.7.3.5 Highlighting

By default, all displaymodulesthat allow highlighting will highlight all selectedatoms. The High-
lighting menuenablesyou to turn highlightingfor eachdisplaymoduleonandoff.
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Chapter 2

Alphabetic Index of Modules

2.1 AlignMolecules

This moduleenablesyou to align two arbitrarymoleculesto eachother. However, themoleculesneed
to ful�ll oneprecondition: they both must have (at least)one level, the align level, with the same
nameandan equalnumberof groups. The algorithmworks asfollows: for eachgroupof the �rst
moleculeall its atomsattractall atomsof its correspondinggroupof theothermolecule,wherebythe
correspondenceis establishedby the index of thegroupin thealign level. Onepossibilitiesto create
suchlevelsis by usingthemoduleAlignSequences.

Thealgorithmworks iteratively. Startingfrom anarbitraryposition,a forceanda rotationarecalcu-
latedat eachstepresultingfrom theattractionforcesof theatoms.Thealgorithmstopsif thetransfor-
mationfrom onestepto anotheris smallerthansomeepsilon.Thealignmentfoundis not necessarily
theglobalminimumof thesumof distancesbetweenthecorrespondingatoms.However, it will always
bea localminimum.

If the global minimum is prominent,it canbe assumedthat this minimum will be found from each
startingposition. In order to �nd out whetherthereexist otherequallygood local alignments,it is
possibleto computealignmentsstartingfrom 20 differentpositions.Thedifferentalignmentswill be
storedin a list. You canthencomparethealignmentsvisually aswell asby thedistancebetweenthe
two molecules.

Connections

MoleculeA [required]

Firstmoleculeto which thesecondmoleculewill bealigned.

MoleculeB [required]

Secondmoleculeto bealignedto the�rst one.



Slave [optional]
Youcanconnectany dataobjectto this port. Thesametransformationthatis appliedto thesecond
moleculewill beappliedto thisdataobjectaswell.

Ports
Options

� multiple transforms: If this toggle is not selected,a local minimum will be found starting
from the currentpositionsof the molecules. If the toggle is selected,moleculeB will be
translatedsuchthat thecentersof themoleculesaccordingto thegroupsfound in theAlign
Level areat the sameposition. Startingfrom this position,20 rotationswill be appliedto
moleculeB, andthesenew positionswill beusedasstartingpointsfor thealignment.

� showalignment: If this optionis set,you canobserve thealignmentprocessvisually. Other-
wise,only the�nal alignmentwill beshown.

Transforms

If you computethealignmentwith themultipletransformstoggleswitchedon, this sliderappears.
Oncethe computationis �nished, i.e., for all 20 startingpositionsat which the alignmentwas
computed,you canstepthroughall alignmentsthatdiffer by anepsilon.Theepsiloncanbesetby
thecommandsetEpsilon. Noticethat if thereis only onelocal alignment,it canbeassumedthat it
is alsotheglobalone.However, thereis noguarantee.

Align Level

Selectthelevel which is usedfor alignment.

Action

Computealignmentandtransformthesecondmolecule.

Commands
getEpsilon
Printsthecurrentepsilonthatis usedfor comparisonof thetransformations.

setEpsilon <value>
Setepsilonto value,which shouldbesmallerthan1.0. Checkthecurrentepsilonbeforesettinga
new onewith thecommandgetEpsilon.
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2.2 AlignSequences

This modulealignsthe sequencesof two moleculesto eachother. Proteinsaswell asnucleicacids
canbealigned.Currently, it is not possibleto align t-RNA sequencesbecausethey containmodi�ed
basesdeviating from the standarddataformat. The modulewill be adjustedand extendedin the
near future. The output of the alignmentis displayedin a separatewindow. Currently you may
choosebetweenlocal, semiglobal, andglobal alignment.Thealgorithmsarebasedon theWaterman
algorithmsfor pairwisesequencealignmentsusinga Blosumweightingmatrix for proteinsequences
anda Transition/Transversionweightingmatrix for nucleicacids.Considerthefollowing threecases
to decidewhichalgorithmto use:

� local alignment
Thelocalalignmentalgorithmis thebestalgorithmto useif youwantto matchashortsequence,
possiblya subsequenceor motif of somemolecule,againsta long one. You can specify a
motif (e.g., a promotersequence)andsearchfor it in the moleculeof interest. Beware, the
local alignmentalgorithmis not usefulfor aligningtwo long sequencesto eachother, e.g.,two
relatedproteins. You might endup with a very large numberof equallyevaluatedsequences,
fragmentingthemoleculesin many pieces.For alignmentof two long sequences,you should
ratheruseoneof thenext two algorithmsinstead.

� globalalignmentwith gapfunction
In this case,you want to matchtwo relatedlong sequencesto eachother, e.g., two related
enzymes.Thealgorithmmatchesthewholesequencespenalizinglong gapsproportionallyless
thanmany shortgaps.

� semiglobalalignment
If you have no idea about the relationshipof your two test molecules,it is best to usethe
semiglobalalgorithm �rst becauseit will scanfor the possiblybestmatchingpartsof your
moleculeswithout having to align thewholesequencesaswith theglobalalgorithm.

Connections

MoleculeA [required]

Firstmoleculeto bealigned.

MoleculeB [required]

Secondmoleculeto bealigned.

Ports

Options

Togglethebuttonto show/hidethealignment.This toggleis sensitive if analignmentexists,i.e., if
it haspreviouslybeencomputed.
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Input

Whichsequencesshouldbetakenasinput for thealignment.Threeoptionsexist:

� moleculeA andB.
� moleculeA andthespeci�edmotif (seebelow).
� moleculeB andthemotif.

Motif

You canspecifya motif which will besearchedfor in a longersequence.This port appearsif one
of thelasttwo optionsis chosenin theInputport.

Align Type

You canalign proteinsaswell asribonucleicacids. Specifythe typeof moleculein the �rst pop-
up menu. In the secondmenuyou canselectoneof threealgorithmsasexplainedabove: local,
semiglobal, or globalalignment.

Align Sequences

Computealignmentanddisplayit.

Commands

setLimit <value>
With this commandyou restrictthenumberof alignmentscomputedfrom onestartpositionof the
alignmentmatrix. Thedefault is 10.

AlignV iew
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For eachalignment,its numberandadditionalinformationaredisplayedin the�rst line. Currentlythe
informationincludesthelengthof thealignment,thenumberof insertionsfor bothsequences,andthe
relative score,i.e., the scoredivided by the lengthof the alignment. The latter might be interesting
whencomparingalignmentsbetweenhomologoussequences.

The AlignView displayscorrespondingresiduesin blue. To provide an ideaaboutwherein the se-
quencessimilaritieshave beenfound, the restof the sequenceis displayedaswell (in red). To �nd
out wherein thesequenceyou are,just click at thepositionwithin thesequenceyou areinterestedin.
Immediately, thepositionsfor bothsequenceswill be shown in the lower-left cornerof thewindow.
Theclickedpositionwill bemarkedby a blackrectangle.

Apart from just showing alignments,the AlignSequencesmoduleallows you to add alignmentsas
levelsto thealignedmolecules.However, sincetheremight bea largenumberof alignmentsandyou
mightonlybeinterestedin afew, thewindow allowsyouto selectalignments.In orderto selectasingle
alignment,left-click on therow with thelabel i. Alignment. Thelabelwill turn black. If you want to
selectmorethanonealignment,usetheCtrl key. An alignmentcanbeunselectedby just clicking
on it again.All currentlyselectedalignmentsarehighlightedby ablackframearoundthelabel.Those
alignmentscanbewrittento themoleculesby pressingtheAcceptbutton. If all alignmentsaredesired,
presstheAcceptAllbutton.

Whenan alignmentis written to a moleculeasa new level, all lettersof the sequencethat arenot
matched,i.e., that correspondto a blank, are left out. Both moleculeswill have a new level with
exactly thesamenameandlength.Thus,thoselevelscanbeusedby theAlignMoleculesmodule.

2.3 BondAngleView

The BondAngleView offersanalternative to theMoleculeView. This viewing module,however, does
not displayatomsandbondsbut, asthenamesuggests,bondangles,i.e., for every threeatomscon-
nectedby two bondsa trianglewill be shown. The vertex colorsarelinearly interpolatedacrossthe
triangle. Apart from coloring the moleculeasis donein the MoleculeView, the bondanglescanbe
coloredaccordingto a speci�ed color �eld, e.g., the electrostaticpotential,anda colormap. Here,
in additionto interpolatingthecolors,texturemappingcanbeappliedwhich interpolatesthe texture
coordinates.

Connections

Data [required]

Moleculeto bevisualized.

ColorField [optional]

Scalar�eld thatcanbedisplayedon thebondangleby pseudo-coloring.

Colormap [optional]

Colormapneededin conjunctionwith thecolor �eld.
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ContinuousCM [optional]

Colormapthatis usedto mapvaluesof �oat attributesto colors.

DiscreteCM [optional]

Colormapthatis usedto mapvaluesof discreteattributes,like integersandstrings,to colors.

Ports

Draw Style

Thisport is inheritedfrom theViewBasemodule.

Colormap

Thisport becomesvisibleonly if a scalar�eld hasbeenconnectedto thecolor �eld port.

Transparency

If thedraw styleis setto transparent, this port letsyoucon�gure thedegreeof transparency.

Color Mode

Allowsyou to switchbetweennormalcoloringmodeandcoloringaccordingto a scalar�eld.

Coloring

For anexplanationof thefour portsabove,seethedescriptionin thegeneralsectionon displayof
molecules.

2.4 BondCalculation

The modulecalculatesbondsin a given molecularstructureby analyzingthe distancesbetweenthe
individual atomsof the structure.A maximaldistancevaluewill be usedto determinewhethertwo
atomsareconnectedor not.
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This moduleis especiallyusefulwhenbeingusedwith a moleculethat is derived from a trajectory.
Eachnewly displayedtime stepwill causethe bondsto be recalculated.A similar modulefor bond
calculationis availablevia themoleculeeditor. This editormoduleoffersadvancedfunctionalitybut
cannotbeuseddynamicallyin thework �o w of theobjectpool.

Connections
Data [required]
Moleculefor whicha new moleculewith acompletebondstructureshouldbecomputed.

Ports
Maximal atom distance

Thevaluedeterminesthemaximaldistancebetweentwo atoms(in 	A) below which they arecon-
sideredto beconnectedby a bond.

Action

Startsthecomputationof thenew molecule.

2.5 RankTimeStep

Thismoduletakesanobjectof typeMolTrajectoryasinputandeithersortsall moleculesin thetrajec-
tory or selectsa singlemoleculefrom thetrajetory. Selectionandsortingcaneitherbedoneusingthe
observablevaluesof thetrajectoryor thermsdvaluein comparisonto aspeci�c molecule,which then
needsto beconnectedto themodule.

The moduleis, e.g., very helpful in conjunctionwith the modulefor the computationof the mean
molecule. It allowsyouto �nd thetimestepin thetrajectorythatbestapproximatesthemeanmolecule.

Connections
Data [required]
Moleculartrajectoryfor which themeanmoleculeshouldbecomputed.

AlignMaster [optional]
This connectionis only requiredif you want to searchthe trajectoryaccordingto the rmsdvalue,
sincethenyouwill needareferencemolecule.

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 meansquare deviation (rmsd)or
someobservablevalue,shouldbeusedfor rankingthetime stepsof thetrajectory. Theobservable
typeneedsto befurtherspeci�edby theObservableport.

Search Option 2

Threeoptionsare possible. The �rst two allow you to searchfor a single time stepwith either
minimum of maximumvalue. The last option, all sorted, gives you the most �e xibility and is
thereforethedefault.

Observable

Thisport allowsyou to selecttheobservableyou areinterestedin.

Alignment

Thethreeportsabovespecifyhow themoleculesaretransformedbeforecomputingthermsdvalue.
Seethedescriptionin thegeneralsectiononalignmentof moleculesfor adetailedexplanation.

Action

Trigger search(and sorting). When pressingthe button for the �rst time, a new object of type
Molecule, connectedto thetrajectory, will beaddedto theobjectpool. This moleculeis usedto set
theindex of themoleculewith min value,maxvalueor accordingto theindex of thesortedlist.

SortedTimesteps

This sliderallows you to stepthroughthe time stepsafter sorting. Time step0 is that having the
minimal value.
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2.6 CompMolInterface

This modulegeneratesadistance-basedinterfacebetweentwo moleculesor betweengroupsof a cho-
senlevel of a singlemolecule. As resultsof the computationa MolSurfaceanda distance�eld are
generated.Eachpoint on this surfacehasthe samedistanceto the closestatomof both groupsor
molecules.Viewing thesurfacewith theMolSurfaceView moduleallows to accessadditionalinfor-
mationcontainedin thesurface(e.g.,kind of closestatomor kind of groupit belongsto). Thedistance
�eld canbeusedto color thesurface.

Connections

MoleculeA [required]

Moleculefor which interfacesshouldbe computed.In caseof the computationof intermolecular
interfaces,this is oneof themoleculesfor which theinterfacesshouldbegenerated.

MoleculeB [optional]

Secondmoleculefor thecomputationof theintermolecularinterface.

Ports

Voxelsize

Voxel sizeof thedistance�eld , i.e.,measureof discretization.Thesmallerthevoxel size,thelonger
theprocessingtime.

Cutoff distance

Largestdistancefrom anatomthatshouldbeconsideredin thealgorithm.Pointsfurtheraway than
thecutoff distanceto any atomwill notbeconsideredin thecomputation.

Distanceto

Selectthetypeof interface.Choosingthe�rst optionthedistanceto thevanderWaalssurfacewill
beconsidered,otherwisethedistanceto theatomcenter, which resultsin anapproximationof the
Voronoidiagram.

Levels

Thisoptionmenuallowsyouto choosethelevel of molecularstructurefor whichtheintramolecular
interfacesshouldbegenerated.For example,youmightwantto computeatomicinterfacesonavery
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low level, or youmight justwantto generateinterfacesbetweenfunctionalgroupsonahigherlevel
or evenbetweensecondarystructures.This port disappearsif two moleculesareconnectedto the
module.

DoIt

Startsthecomputationof theinterface.

2.7 CompMolSurface

This modulecomputesmolecularsurfaces.Threetypesof molecularsurfacescanbe generated:the
van der Waals (vdW)surface, the solventaccessiblesurface(sas), andthe solventexcludedsurface
(ses). ThevdWsurfaceenclosesall vanderWaalsspheresof themolecule'satoms.Thesasencloses
all vanderWaalsspheresextendedby someproberadius.Finally, thesesenclosesthesubspacewhich
is not accessibleto a probespherein the presenceof the moleculerepresentedby its van der Waals
spheres.

Theimplementedalgorithmallows thecomputationof thefull molecularsurfaceaswell asof partial
surfaces.If thepartialsurfaceoptionis selected,thesurfacewill only becomputedfor all highlighted
atoms(see,e.g.,thedescriptionof theMoleculeSelectionBrowser). This modulewill registeritself
at the SelectionBrowser, which allows you to restrictthe computationof themolecularsurfaceto a
subsetof its atoms. For example,if the moleculeconsistsof several chains,you cancomputethe
molecularsurfaceof asinglechainby deselectingtheotherchains.

Apart from theoptionto computeeitherthefull or apartialsurface,youcanalsochoosebetweentwo
algorithmsthatdiffer in thequalityof thesurfacegenerated,andalsoin speed.If timedoesnotmatter,
you shouldalways usethe default option, correct. However, if you are interestedin the dynamic
behavior of themolecularsurface,time doesmatterandyou might wantto usethesecondalgorithm.
This algorithmworksasfollows. We startwith anarbitraryatomcontributing to thesurface.For this
we computethe atom's surfacecontribution. All atomsadjacentto this atom's surfacearestoredin
a list. Next, we take the �rst atomfrom the list anddealwith it in the samefashionasfor the very
�rst atom. Thus,in thecaseof a vdWsurfaceor ansaswe endup with thesamesurfaceaswith the
correctalgorithmif thesurfaceconsistsof onecomponent.In caseof theseswe run into problemsif
two componentsarefurtheraway from eachotherthantheprobe's diameter. Furthermore,thefaster
algorithmmight not computeall cavities,whereasthecorrectalgorithmwill.

A maximumof two moleculesmaybeconnectedto themodule,thusenablingthesurfacecomputation
of acomplex consistingof two molecules.Thiscanbeinteresting,for example,if youwantto compute
thesurfacebeforeandafteradocking.

As a resultof thecomputationa new object,i.e., themolecularsurface,will appearin theobjectpool.
To visualizethesurface,attachtheMolSurfaceView moduleto it.
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Connections

Molecule [optional]

Themoleculefor which themolecularsurfaceshouldbecomputed.

Molecule2 [optional]

If you wantto computethesurfaceof a complex of two molecules,you mustconnectthis port to a
secondmolecule.

Eitherof thosetwo portsneedsto beconnectedto somemoleculein orderto computea molecular
surface.

Ports

SurfaceType

ChoosebetweenvanderWaals, solventaccessible, andsolventexcludedsurface.

Quality

Thedefault option computesthemolecularsurfacecorrectly, i.e., with all, possiblydisconnected,
componentsandall enclosedcavities. Thesecondalgorithmis fasterbecauseit doesnot compute
themolecularsurfacecontribution for eachatom,but only for surfaceatoms.If thesurfaceis not
connected,it mightmisspartsof thesurface.

ProbeRadius

Theradiusof thesolventprobesphere.Thisport is only visible for thesurfacetypessasandses.

Edgelength

Choosetheapproximateedgelengthof thesurface's triangles.Thisport correspondsto thenumber
of pointsper 	A

2
, andvice versa.Thus,if you modify thevalueof this port, thevalueof theother

portwill bechangedtoo.

Number of points

With this port you de�ne theapproximatenumberof pointsper 	A
2

andtherebythegranularityof
thesurface.
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Options

If theoptionpartial surfaceis selected,only thesurfaceof thecurrentlyhighlightedatomswill be
computed.Thesecondoption,whichis only activeif the�rst optionis checkedandthesurfacetype
sesis selected,initiatesthe computationof the highlightedatom's adjacentpatches,i.e., toroidal
andsphericalconcavepatches.

Surfacearea

If either the �rst or the secondoption is selected,the exact sizeof the currentmolecularsurface
will becomputedandthesizeperatomor perresidue,respectively, will bewritten to themolecules
topology. For therespective level, i.e. atomsor residues, you will �nd a new attributearea, which
containsthe contribution of eachitem to the overall surfacearea. This allows you to color the
moleculeaccordingto the surfacecontribution. It further enablesyou to selectall surfaceatoms
or residues(seeatomexpressionsfor details). If the lastoption is selected,a text �eld will appear
allowing you to specify an arbitrary namefor the attribute into which the surfaceareaswill be
written.

Attrib ute name

Specifyanattributenamehere,if you do not wantto save thesurfaceareain theattributearea. In
orderto doso,thethird optionof theSurfaceareaportmustbeselected.

Action

Startcomputation.

2.8 Con®gurationDensity

Thismoduleenablesyou to computeaprobabilitydensityfor thepositionsof atomsandbondswithin
a moleculartrajectory. Theinput is anobjectof typeMolTrajectory. As outputeithera scalar�eld or
a color �eld is generated.In orderto visualizethecomputeddensityyou can,for example,apply the
volumerenderingmodule,Voltex.

Sincethe time stepsof the moleculartrajectorycan be arbitrarily rotatedand translated,we must
performanalignmentfor eachtimestepto �t it bestto somechosenreference.This is doneinternally,
but you mustspecifyhow themoleculesshouldbealignedto eachother. Therearefour optionsfrom
which to choose.The �rst usesall atomsfor alignment,which is the recommendedoption. In the
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secondyou canselecta few atoms(seebelow for moreinformation). The third andfourth usenone
andcenterof gravityalignment,respectively.

For therepresentationof themoleculetwo kindsof geometricobjectscanbeused:spheresandsticks.
Here,spheresrepresentthepositionsof theatomicnucleiandthestickstheexisting bondswithin the
molecule.Youcancomputethedensityfor sticks,atoms,or sticksandatoms.

Connections

Data [required]

Themoleculartrajectoryfor which thedensityshouldbecomputed.

AlignMaster [optional]

Themoleculeto whicheachtimestepof thetrajectorywill bealigned.

PrecomputedAlignment [optional]

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

Continuousand DiscreteColormap [optional]

Thesetwo colormapsareusedfor thecolor managementof thecomputedvolume,in casea color
�eld shouldbegenerated.

Ports

Time Steps

Speci�esrangeof timestepsfor which thedensityshouldbecomputed.

VoxelSize

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

Grid Dimension

Thedimensionof the�eld grid resultingfrom thespeci�edvoxel size.

Alignment
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The threeportsabove specifyhow themoleculesarealignedto eachother. Seethedescriptionin
thegeneralsectiononalignmentof moleculesfor adetailedexplanation.

Shape

Choosethegeometryusedto representthemolecule. If you have a highly varying trajectory, the
recommendedshapeis cylinders.

RadiusOptions

Usea uniqueradiusfor all atomspheres(�xed) or take for eachspherethe van der Waalsradius
scaledby thevalueof portAtomRadius(atomclassdependent).

Atom Radius

Radiusof theatomspheres.

Bond Radius

Radiusof cylindersrepresentingbonds.

Field

This menucontainstwo options,ScalarField andColor Field. Choosethe �rst if you only want
thedensity. If you choosethesecondoption, in additionto thedensity, thecolor informationwill
bestoredaccordingto thecolorscheme(seeAtomColorsport).

Atom Colors

Determineshow the�eld regionswill becolored.For moreinformationseethedescriptionof Color
port in thesectionondisplayingmolecules.

Colormaps

Thesetwo colormapsareusedto color theatomsandsticksaccordingto theselectedcolor scheme
in AtomColors. Seethedescriptionin thesectionondisplayof moleculesfor adetailedexplanation.
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De�ne Color

Theport is describedin thesectionondisplayof molecules.

Compute

Invokeactions.

� Sincefor thecomputationof thegrid dimensionall moleculesneedto bealigned,for a long
trajectorythismight takesometime. Soit maynotbedesirableto recomputethegrid dimen-
sionall thetime. If youareinterestedin thesizeof thegrid beforeinvoking thecomputation
of the �eld, theBBoxbuttonmustbe pressed.Theboundingbox of the �eld, includingall
alignments,will becomputedandfrom this, thegrid dimension.

� PresstheField buttonto startthecomputationof the�eld. If thegrid dimensionis not up to
date,it will becomputed�rst.

2.9 MeanMolecule

This modulecomputesthemeanmoleculeof a moleculartrajectoryby averagingtheatompositions.
In orderto do this, themoleculesneedto be transformedto a commoncoordinatesystem.This can
bedoneeitherby aligningall timestepsto somereferencemolecule,or by computingtransformations
with thePrecomputeAlignmentmodule.

Connections

Data [required]
Moleculartrajectoryfor which themeanmoleculeshouldbecomputed.

AlignMaster [optional]
In order to computethe meanmolecule,all moleculesof the trajectoryneedto be alignedwith
respectto a certainmolecule. This is doneby right-clicking on the little rectangleof themodule
icon in theobjectpool, selectingAlignMolecule, andconnectingit to a moleculein theobjectpool.

PrecomputedAlignment [optional]
Insteadof aligning all time stepsof a trajectoryto the AlignMaster, you canusea precomputed
alignmentto align thetimesteps.

Ports

Time Steps
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Specifytherangeof moleculesusedfor thecomputation.

Alignment

The threeportsabove specifyhow themoleculesarealignedto eachother. Seethedescriptionin
thegeneralsectiononalignmentof moleculesfor adetailedexplanation.

Option

Selectthisoptionif youwantto iteratively improvethemeanmolecule.

Action

Startcomputationof meanmolecule.

2.10 Measurement

Thismoduleletsyoudeterminedistances,angles,anddihedralanglesbetweenatomsof themolecule.

To obtaina measurement,you needto selectthe atomsthat are to be examined. In order to select
objectsin the viewer, you needto switch into the interactionmodeof the viewer (for exampleby
pressingtheESCkey asa toggle)andCtrl -clicking on thedesiredatoms.You canreadaboutother
waysto selectstructuresin thedocumentationof theSelectionBrowser.

Connections

Module [required]

A moduleof typeMoleculeView whichcanbeusedfor theselectionof atoms.

Ports
Thefollowing portswill only bevisible if you have selectedtwo atomsfor distancemeasurement,
threeatomsfor anglemeasurement,or four atomsfor measurementof dihedralangles.

Selectedatoms

Thisport showstheindicesandsequenceof theatomsthatareusedfor themeasurement.
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Options

This port is visible if your basemoleculeis derived from a trajectory. If you activatethe toggle,
notonly themeasurementof thecurrentlyactive timestep,but alsothemeanvalueof thecomplete
trajectoryandits standarddeviation, will be evaluated.For large trajectoriesthis may take some
time asall atomiccoordinateshave to be loadedfor eachtime step. So if you do not needthis
option,leave it unchecked.

Angle

This port shows the valueof the measurement.For two selectedatoms,this is the distance;for
three,the angle;and for four atoms,their dihedralangle. (The dihedralangleis de�ned as the
anglebetweenthetwo planesdeterminedby the�rst threeselectedatomsandthelastthreeselected
atoms).Thedistanceis givenin angstroms,theanglesin degrees.

Time-Mean

This port is visible if your basemoleculeis derivedfrom a trajectoryandtheTime-meantoggleis
activated.It will show themeanvalueof themeasurementby determiningthearithmeticmeanover
all moleculesthatarepartof thetrajectory. In addition,thestandarddeviationof thetime-meanwill
beshown.

Time Plot

Like thetime-meanport, this port is only visible for trajectories.By pressingtheShowbuttonyou
canseetheplot of themeasurementagainstthetime stepsof thetrajectory. Theverticalline of the
plot indicatesthepositionof thecurrentlyshown timestep.Thehorizontallinesshow themeanand
thestandarddeviation.

Selection

With theClearbuttonyoucandeselectall atoms.

2.11 MolSurfaceView

This modulevisualizesdataobjectsof type MolSurface. Objectsof type MolSurfacecanbe either
molecularsurfaces,suchasvander Waals,solventaccessible, or solventexcludedsurfaces, generated
by theCompMolSurfacemodule,or it canbemolecularinterfaces,generatedwith theCompMolInter-
facemodule.Apart from a connectionto themolecularsurface,this modulealsoshouldbeconnected
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to themoleculesthesurfacewasgeneratedfrom, in orderto exploit thefull functionalityof theMol-
SurfaceView. If themolecularsurfacewasgeneratedin thecurrentamira sessionandthemolecules
werenotdeletedin between,theMolSurfaceView will beautomaticallyconnectedto thesemolecules.

Like the othermolecularvisualizationmodules,this moduleallows you to color the molecule,i.e.,
its surface,accordingto variousdifferentcolor schemes,usingamiraMol's coloringcomponent. The
MolSurfaceView hasseveralpick modesimplemented.Dependingon thepick mode,clicking on the
surfaceresultsin differentactions.E.g.,youcanhighlightpartsof thesurfaceby clicking onit with the
left mousebutton.How theclick is interpreteddependsonthecurrentselectionmode.If defaultcolors
areused,clicking is interpretedasin theSurfaceView module.Clicking onthesurfacewith themiddle
mousebuttondisplaysinformationabouttheclickedon partof themolecule.Seethedescriptionon
thepick actionport for moreinformation.

Connections

Data [required]
Objectof classMolSurface.

ColorField [optional]
Scalar�eld to color thesurfaceaccordingto physicalor chemicalproperties.

Colormap [optional]
Colormapfor pseudocoloringthesurfaceaccordingto thevaluesin ascalar�eld.

Molecule [optional]
Objectof typemolecule.Neededif informationaboutthesurfaceis required.

ContinuousCM [optional]
Neededfor coloringthemolecularsurfaceaccordingto atomicinformation.

DiscreteCM [optional]
Neededfor coloringthemolecularsurfaceaccordingto atomicinformation.

Ports

Draw Style

Colormap

BaseTrans

Seethedescriptionof MolSurfaceView'sbaseclassfor anexplanationof the�rst threeports.
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Color Mode

Therearethreecolormodes.The�rst modeusesdefaultcolorsto color theoutsidetrianglesdiffer-
ently thanthe insidetriangles.If oneor two moleculesareconnectedto theMolSurfaceView, you
canchoosethesecondmodeto color themolecularsurfaceaccordingto thecoloringcomponent(s).
Thelastmode,�nally , allowsyouto color thesurfaceby useof ascalar�eld (representingchemical
or physicalproperties).Thismodecanonly bechosenif theColorField port is connectedto a �eld.

Default Colors

You canchangethedefault colorsby clicking on them.A color editorwill appear, enablingyou to
changethecolor.

Pick Action

Youcanchangethebehaviour of thepick actionby selectingoneof threemodes.If the�rst mode,
molecule, is selected,left-clicking on thesurfacehighlightstheselectedpartsof thesurface,while
pickingwith themiddlemousebuttonleadsto informationaboutthepickedatom(s)beingdisplayed
in the upperleft cornerof theviewer. If clipping is selected,left-clicking on thesurfaceclips all
thosepartsof thesurfacefurtheraway thanthevaluespeci�edby theclipping distance. Finally, if
themodesurfaceis selected,thebehaviour will belike this in theSurfaceView.

Clipping Distance

Distancethresholdusedfor clipping.

Highlighting

This port providesfunctionality for selecting(or highlighting)atomsurfacepatchesin theviewer
window. For moreinformation,seethegeneralsectiononhighlighting.

Buffer

This port is the front endto a �lter that determinesthe atomsurfacepatchesbeingdisplayedby
theMolSurfaceView. Thefunctionalityof theport'sbuttonsaredescribedin thegeneralsectionon
highlighting.

Coloring
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The four portsabove belongto the coloring component.Therewill be onecomponentfor each
moleculeconnectedto theMolSurfaceView.

2.12 MoleculeLabel

Thismoduleallowsyouto labelcertainpartsof themolecule.If aMoleculeLabelmoduleis connected
to anobjectof typeMolecule, all clicks in theviewing window normallyhandledby aviewing module
connectedto the samemoleculewill insteadbe handledby the MoleculeLabelmodule,by default.
Handlingof a click by theMoleculeLabelmodulemeansthat it will changethe labeling,i.e., addor
remove a label. The kind of label to be displayeddependson the viewing moduleand the current
selectionmode. For example,if the selectionmodeis atoms, a label for the selectedatomwill be
displayed;if it is residues, a labelfor theresiduetheatombelongsto will bedisplayed.Up to two data
itemsperlabelcanbedisplayed.Whichdatais displayed,canbesetin theAttributesport (seebelow).

The userinterfaceis built asfollows. The levelsport allows you to choosea label level. The other
ports,exceptthelastone,Options, correspondto this level. They allow you to specifyhow thelabels
of theselectedlevel will bedisplayed,i.e., whatdatais displayedfor eachlabel,andin which color
andsizelabelsaredisplayed.Do not assumethata labelof theselectedlevel will appearif you click
partsof themolecule.This solelydependson theselectionmodeasmentionedabove. You mayalso
hideall labelsof thecurrentlevel.

Thelastport,Options, doesnot referto any level, but determinestheoverallbehavior of themodule.

Thereareafew Tcl commandsthatallow youto setlabels.ThesetLabelString commandenables
you to setarbitrarylabelsto anatomor a groupof atoms.Seethedescriptionof commandsat theend
of this pagefor moreinformation.

Connections

Data [required]

Themoleculeto belabeled.

Ports

Levels

Choosea level to changethe displaypropertiesof all labelsof this level. The Attributes, Level
Option, Buttons, Font size, andColorportshave individualvaluesfor eachlevel.
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Attrib utes

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

Level Option

If the level option is visible is set,all currentlyselectedlabelsof this level aredisplayed.In order
to hideall labelsof a certainlevel without removing them,deselectthis option.

Labels

The four buttonsof this port affect only the labelsof the currentlevel. The �rst button displays
all labels,thesecondaddsa label for eachcompletelyhighlightedgroup,thethird buttonremoves
all labels. Finally, the fourth button updatesthe label stringsaccordingto the currentlyselected
attributes,thenupdatesthepositionsof thelabelsto displaythemaswell aspossible.

Font size

Changethefont sizeof thelevel's labels.

Color

Color of thelevel's labels.To changethecolor, click on theColor button. As result,a color editor
will bedisplayedin whichyoucanchoosethecoloryouwish.

Options

Overalloptions.If the�rst optionis selected,clicks thatarenormallyhandledby theviewing mod-
uleswill insteadbehandledby theMoleculeLabelmodule,resultingin new labelsbeingdisplayed
andalreadyvisible labelsbeingremoved. Thesecondoptionallows you to composelabelsof one
level differently. If theoption is not set,the currentlydisplayedlabelswill not be changedif the
Attributeport changes,otherwisethey will.

Commands
Therearea few commandsto setlabelsvia thecommandline interface.

setLabel <levelName/ f groupName|groupRange g> [<attr1>] [<attr2>]
This commandsetsnew labelsfor a groupor a rangeof groupsspeci�ed by the �rst argument.
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If one or two attributesare given (as strings), thoseattributeswill be assignedas labelsto the
group(s). If no attribute is given, the currentlyselectedattributesof the level areused.For more
informationaboutspecifyingagrouporarangeof groups,seethelist commandin thedescription
of Molecule.
Example:

setLabel residues/NIL14-NIL98 name index

unsetLabel <levelName/ f groupName|groupRange g>
Hidesthelabelsof thespeci�edgroupor rangeof groups.

setLabelString <levelName/groupName> <string>
Assignthelabel`string' to thespeci�edgroup.

2.13 MoleculeView

The MoleculeView allows you to displaymoleculesin threedifferentrepresentations:atomspheres,
wire frame,andball-and-stick.For eachof theserepresentationstherearetwo Qualitymodes,fastand
correct.

Atomscanbecoloredaccordingto thegroupingsde�ned on themolecule,e.g.,atoms,residues,and
chains.Moreover, thedisplayedpartof themoleculecanberestrictedby usingtheselectionbrowser
aswell asby interactionin theviewer.

In additionto just visualizingmolecules,this moduleprovidestoolsthatfacilitateinteractionwith the
molecule.For example,you canselectatomsto �nd out which index they haveandwhich groupthey
belongto. Theability to selectatomsis alsoa preconditionfor thealignmentproceduredescribedin
thesectiononaligningmolecules.

In orderto measuredistancesandanglesin themolecule,right-click theMoleculeView in theobject
pool, whichwill opena pop-upmenuwith theentryMeasurement.

Connections

Data [required]

Themoleculeto bevisualized.

ReferenceMolecule [optional]

A referencemoleculemustbe connectedif you want to studythe alterationof the torsionangles
from onetime stepof a moleculartrajectoryto another(seetheOptionsport below for moreinfor-
mation).

ContinuousCM [optional]

Thecolormapthatis usedto mapvaluesof �oat attributesto colors.
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DiscreteCM [optional]

Thecolormapthatis usedto mapvaluesof discreteattributes,e.g.,integersandstrings,to colors.

Ports

Mode

Selectoneof threemaindisplaymodes:balls,sticks,or ballsandsticks.Thedefault is sticks.

Quality

Theappearanceof theballsandstickscanbealteredby selectionof oneof two differentqualities,
a fast modeanda correct mode. The fastmodeshows sticksas lines andspheresby rendering
a squarewith the imageof the sphere. This permitsthe displayof large numbersof spheresat
interactive speed.However, showing the imageof a spheremeansthe3D expansionof thesphere
in only two directionsis takeninto account.As long asnoneof thespheresintersect,therewill be
no visible differencebetweenspheresdrawn in fastmodeandspheresdrawn in correctmode. In
thecorrectmode,spheresarerepresentedby texturedtriangularmeshesandsticksby cylinders.

Options

Singleradius: displayall atomswith thesameradius.
Bond type (only in fast quality mode): displaycorrectbond type, e.g., single, double,triple, or
aromatic.
Torsionangles: displaytorsionanglesby theuseof a coil aroundthestick.

Atom radius

If theoptionsingleradiusis selected,thevaluegivenherewill be interpretedasthesphereradius
for all atomspheres.Otherwise,thevaluescalesthevanderWaalsradiusof theatom.

Bond radius

Radiusof cylindersrepresentingbonds(only visible in correctdisplaymode).

Twist factor

Allowsadjustmentof thetwist of thecoil.
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Coloring

Thefour portsabovearedescribedin thegeneralsectiononvisualizationof molecules.

Highlighting

This port providesfunctionality for selecting(or highlighting) atomsin the viewer window. For
moreinformation,seethedescriptionof thehighlightingport in thegeneralsectiononvisualization
of molecules.

Buffer

Thisport is thefront endto a�lter thatdeterminesthesetof atomsbeingdisplayedby theMolecule-
View. Thebuttonsaredescribedin thesectiononvisualizationof molecules.

Commands

setTextureAntiAliasing <value>
This commandenables(1) or disables(0) antialiasingfor the texturesusedin fastspheremode.
Antialiasinghasnoimpactontherenderingspeed.However, if antialiasingis enabledandyouhave
many differentcolors,thegenerationof thetexturesmightbeconsiderablyslower.

2.14 Observables

This moduleis usedto displayinformationabouta moleculartrajectory. All propertiesstoredin the
trajectorycanbedisplayed,e.g.,potentialenergy, kineticenergy, total energyetc.

Connections

Data [required]

Themoleculartrajectoryfor whichpropertiesshouldbedisplayed.

Time [optional]

A time objectthatmaybeconnectedto themodulein orderto synchronize,e.g.,a viewing module
with theline in theplot window, indicatingthepositionof thetime stepwithin thetrajectory.
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Ports

Option

The two optionsallow you to specifywhich kind of value,root meansquare deviation (rmsd)or
someobservablevalue,shouldbedisplayed.Theobservabletypeneedsto befurtherspeci�ed by
theObservableport.

Alignment

Thethreeportsabovespecifyhow themoleculesaretransformedbeforecomputingthermsdvalue.
Seethedescriptionin thegeneralsectiononalignmentof moleculesfor adetailedexplanation.

ObservableType

Choosethetypeof propertythatshouldbeplotted.

Action

Plot theObservableTypewithin a new window.

Plot Option

Selectthe �rst toggle if the valuesof the plottedpropertiesat the currenttime areshown in the
plot window. If thesecondoption is selected,only a singleplot will be shown, andchangingthe
ObservableTypewill updatethecurrentplot.

Time

This port is mostuseful in conjunctionwith a viewing modulein orderto seethepropertyof the
displayedtime step. In order to createa time object,click the Time slider with the right mouse
button andselectCreatetime from the menu. As a resulta time objectwill appearin the object
pool,whichshouldbeconnectedwith anobjectof typeMoleculewhichcanbevisualizedwith, for
example,theMoleculeView module.
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2.15 PrecomputeAlignment

Thismodulecanbeusedto generateadataobjectthatcontainsanalignmentfor everystepof awhole
trajectory.

Connections

Data [required]

Themoleculemustbeconnectedto themoleculardynamicstrajectorythatthealignmentshouldbe
computedfor.

AlignMaster [optional]

Referencemolecule.

PrecomputedAlignment [optional]

Youwill �nd thedescriptionof theabovetwo connectionsin thesectiononalignmentof molecules.

Ports

Mode

Two modesareavailable.In the�rst mode(simplealignment), themoduleactsasarecorderfor the
time-step-basedalignmentsdescribedin thesectionAligning Molecules. In thesecondmode(mul-
tiple alignment), themeansquareddistanceof every time stepto all othertime stepsis minimized.
A referencemoleculecanbeconnectedto specifyatomsto betakeninto account.If a referenceis
connected,themeanof thealignedtime stepswill bealignedto thereference.

Alignment

You �nd thedescriptionof thethreeportsabove in thesectiononalignmentof molecules.

Action

Pressingthis buttonstartsthecomputationof thealignment.
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2.16 SecStructureView

This moduleprovidesthefunctionalityfor viewing thesecondarystructureof a molecule.It relieson
theinformationgivenin thedataentryof theconnectedmolecule.Helices,sheets,andturnscanonly
bedisplayedif informationaboutthesestructureshasbeenreadin (for examplefrom a pdb�le).

Thebackbonewill be interpolatedby usingthecoordinatesof thoseatomswhosetypeis setto “N”,
“C” and“CA”. If the atom-typeattribute doesnot exist (for example,moleculesthat have beenim-
portedfrom UniChem�les) nobackbonecanbeviewed.

The user interface of the moduleincludesgeneralports to con�gure the overall appearanceof the
molecule,aswell asspeci�c portsfor eachsecondarystructuretype. The latter let you adjusttype-
speci�c parameters,suchascolorsor widths.To switchbetweenthespeci�c ports,click on thestruc-
turetypeyouwantto con�gure in theView Optionsport.

Selectingand Highlighting: Partsof themoleculecanbeselectedby clicking ontospeci�c regions
in theselectionmode(you canswitch to theselectionmodeof theviewer by pressingtheESCkey).
The default level of thestructurethat is selectedis the ”residue” level. A detaileddescriptionof the
selectionconceptcanbe found in the sectionvisualizationof molecules. Selectedstructureswill be
highlightedin thecolor thatyouchoosein theportHighlightingColor.

Connections

Data [required]

Themoleculethatis to beviewed.

Ports
GeneralPorts:

GeneralShape

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

� Cartoons: In the cartoonmode,you canselecta view modefor eachsecondarystructure
type separately. The backboneand the turns will be shown as tubesthat run throughthe
centralatomsof eachresidue.For helicesandsheets,additional(moreabstract)view modes
like cylindersor arrowsareavailable.You cancon�gure thesesubmodesin thespeci�c port
sectionsfor the secondarystructuretype. This is themodemostfrequentlyusedfor repre-
sentingthesecondarystructureof amolecule.However, dueto its complex triangulation,the
renderingperformanceis distinctlyworsethanthatof theothertwo modes.

� Thr eads:Thebackbonewill bedrawn asa setof linesrunningparallelto thepeptideplanes
of theaminoacids.Thismodewill show thesurfaceorientationof thebackbone,thusmaking
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partscontainingsymmetries(like helicesor sheets)easilyrecognizable.It is alsotheview
modewhichcanberenderedfastest.

� Flat Ribbons: Sameas the threadmode,but the areasbetweenthe lines will be a �lled
surface,thusgiving a bettersurfaceimpressionwith thetrade-off of slightly lower rendering
performance.

� Solid Ribbons: Unlike �at ribbons,solid ribbonswill haveanelliptic crosssection.

Thr eadsLine Width

Thissliderletsyouadjustthewidth of thethreads-lines.

View Options

To switchbetweentheoptionsof thedifferentstructuretypes,youcanusetheseradiobuttons.The
optionportsfor thedifferentstructurewill thenbevisible.

View Structur es

Thisportcanbeusedto �lter out thedisplayof all sheets,helices,or turns.Thebackbonepartswill
bedisplayedasrandomcoil tubesinstead.

Filter

The secondarystructureview alsoemploys a �lter which canbe usedto hide certainpartsof the
molecule.You canhidesectionsby usingtheselectionbrowser. This port is explainedfurther in
thesectionvisualizationof molecules.

Complexity

The Complexity port allows the adjustmentof the overall exactnessof the structuresdisplayed.
It will in�uence the numberof pointswith which the backbonecoordinateswill be interpolated
aswell as the detail of triangulationor the numberof lines in the threadview mode. If you are
viewing largemoleculesonamachinewith slow graphicshardware,turn thisvaluedown to amore
appropriatevalue.

Highlighting Color

Letsyouchoosein whichcolor selectedresidueswill behighlighted.

BackbonePorts:
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BacknoneWidth

With thisport youcanadjustthewidth of thebackboneshown asthreadsor ribbons.A similarport
exist for theothersecondarystructuretype.

BacknoneEccentricit

If the generalshapeis solid ribbonsthis ports lets you con�gure the elliptical eccentricityin the
rangebetween0 (completely�at ellipse)to 1 (circle). A similar port existsfor theothersecondary
structuretypes.

BackboneTube Radius

Thisport letsyouchangethebackboneradius.

Coloring

Thefour portsabovearedescribedin thesectionon visualizationof molecules. Similar portsexist
for helixces,sheets,andturns.

Helix Ports:

Helix shape

Thisport letsyouchoosebetweendifferentmethodsfor viewing helicesin cartoonmode.

� Tube: The tube view will show the helix by drawing a tube connectingthe interpolated
backbonecoordinates.

� Cylinder: Thecylinderview will approximatetheaxisusinga leastsquareserrorminimiza-
tion for thesumof thedistancesbetweenthebackbonecoordinatesof thehelix andtheaxis.
Theseaxeswill beusedto centerthecylindersfor thehelices.

� Ribbon: The ribbon view is simlilar to the tuberepresentationexceptthat thebackboneis
shown usingasurfacewhosenormalsaresetperpendicularto thepeptideplanes.
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Helix Radius

With thisport youcanadjusttheradiusof theshown tubes,or cylinders.

SheetPorts:
SheetShape

Thisport letsyouchoosebetweendifferentmethodsfor viewing sheetsin cartoonmode.

� Tube: Thetubeview will displaythesheetusingatubeconnectingtheinterpolatedbackbone
coordinates.

� Arr ow: Thearrow view will displayarrowsthatindicatetheorientationof thepeptideplanes,
thusshowing thesurfacedeterminedby thehydrogenbondsbetweenthestrands.

SheetArr ow Width

Thisport is visible if youview thesheetsasarrows. It determinesthewidth of thearrows.

SheetArr ow Height

This port is visible if you view thesheetsasarrows. It determinestheheightof thearrows. If the
heightis 0 anoptimized(andfaster)triangulationwill beused.

SheetArr ow Options

Thebroadheadoptionwill show thestartof thearrow headwiderthanthearrow tail. Thesmoothed
optionwill Bezierinterpolatethebackbonecoordinatesof thesheetto producea smoothervisual-
izationof thesurface.

SheetRadius

If youview thesheetsastubes,this port letsyou con�gure theradiusof thetubes.

Turn Ports:
Turn radius

Thisport letsyouspecifytheradiusof theturn tubes.
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Commands
The consolewindow offerssomeadditionalfunctionality. The easiestway to usethe consolefor
a SecStructureView is to click on theviewer objectin theobjectpool andthenpresstheTAB key
in theconsolewindow to displaythenameof theselectedobject. After thenameyou canusethe
following selectioncommands:

setResidueTransparency <residueIndex> <transparency>
Will set the transparency of the residuewith index ¡residueIndex¿ to the valueof ¡transparency¿
whichmustbein theinterval [0,1].

setSecStructTransparency <secIndex> <transparency>
Sameasabovebut will affectall residuesof thesecondarystructure¡secIx¿.

setResidueColor <residueIndex> <r> <g> <b>
Will setthecolorof theresiduewith index ¡residueIndex¿to thecolor which is givenin rgbvalues
in theintervall [0,1]. Theeffectof thechangewill beundoneassoonasyouchangeacoloringport
of themodule.

setSecStructColor <secIndex> <r> <g> <b>
Sameasabovebut will affectall residuesof thesecondarystructure¡secIndex¿.

setSpeculatiry <s>
Setthespecularityto ¡s¿where0 is minimaland1 is maximalspecularity.

2.17 TubeView

With theTubeView moduleyou canconnectanarbitrarysetof consecutiveatomswith a tubethrough
interpolatedatomcoordinates.To de�ne theatomset,you canuseatomexpressions. Theorderwith
which theatomsareconnectedis determinedby their sequence.

Selectingand Highlighting: Partsof themoleculecanbeselectedby clicking ontospeci�c regions
in theselectionmode(you canswitch to theselectionmodeof theviewer by pressingtheESCkey).
A detaileddescriptionof theselectionconceptcanbefoundin thesectionvisualizationof molecules.
Selectedstructureswill behighlightedin thecolor thatyou choosein theport HighlightingColor.

Connections

Data [required]
Themoleculeyouwantto beshown.

Ports

Part
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Thisportletsyouenteranatomexpression. Theatomexpressionwill determinethesetof atomsthat
will beconnected.Thedefault valueis backbonereduced, which meansthat thetubewill indicate
thelocationof polypeptideandRNA/DNA backboneatoms.

To restrictthedisplayto justa few atomsit is moreconvenientto usethe�lter thatcanbeaccessed
with theSelectionBrowser. To includeatomsin thesequenceto beshown it mustbeactive in the
setde�ned by theatom-expressionaswell asthe�lter .

DistanceCutoff

All atomsthatarefurtheraway thanthespeci�edvaluewill notbeconnected.

Radius

Thisport speci�estheradiusof thetube.

Inter polation Method

The tubecoordinateswill be interpolatedby usingtheatomcoordinatesasbasepoints. This port
lets you choosethe interpolationmethod. BSplineinterpolationis generallysmootherthancubic
interpolationbut thetubewill notnecessarilyrun throughtheatomcoodinates.

Complexity

This port speci�esthecomplexity of the tubetriangulationaswell asthenumberof interpolation
pointsto beaddedbetweeneachatomcoordinate.Thehigherthevaluethebetterthedisplayquality
but theslower therendering.

Coloring

Youwill �nd thedescriptionof thefour portsabove in thesectiononvisualizationof molecules.

Highlighting Color

Tubesectionsthatbelongto atomsthathave beenhighlightedwith theSelectionBrowserwill be
shown in this color.
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Chapter 3

Alphabetic Index of Data Types

3.1 MolSurface

The dataclassMolSurfacerepresentsmolecularsurfacesin amira, generatedby the computational
modulesCompMolSurfaceandCompMolInterface. The classMolSurfaceis derived from the class
Surfaceandhence,everythingthatcanbedonewith anobjectof typeSurfacecanalsobedonewith
anobjectof typeMolSurface. Additional informationstoredin classMolSurfaceincludes:

� themolecularsurfacetype,i.e.,vanderWaals,solventaccessible,or solventexcludedsurface,
� thesolventproberadius,
� for eachmoleculethatcontributedto thesurface,its numberof atoms,
� andfor eachpoint or triangle,theindex of theatomit belongsto.

The entire functionality of the editorsprovided for objectsof type Surfaceis available, including
simpli�cation. However, somecareneedsto betaken.If youmodify thenumberof pointsor triangles,
themoduleMolSurfaceView will no longerbeableto color thesurfaceaccordingto atomattributes.
In contrast,otheroperations,suchasedge�ipping to improve thesurfacequality, will not affect the
representation.

Connections

Master [optional]
Connectionto themodulethatgeneratedthemolecularsurface.

Commands
For a descriptionof Tcl commands,seethedocumentationof theSurfacedataclassin theamira
User'sGuide.



3.2 MolTrajectory

An objectof typeMolTrajectoryrepresentsa seriesof molecularcon�gurations. A trajectorycanbe
createdby loadinga �le containinga trajectory, or it canbeattachedto anobjectof typeMolTrajecto-
ryBundle, extractingoneof thetrajectoriescontainedin thatbundle.

Connections

Bundle [optional]

The trajectorymay be connectedto a trajectorybundle. If so, the Trajectoryport will appearin
theuserinterfaceof thedataobjectwhich enablesyou to controlwhich memberof thebundlethis
trajectoryrepresents.

Ports

Trajectory

TheTrajectoryport is visibleonly if theconnectionportBundleis connectedto atrajectorybundle.
Themenuletsyou selectoneof thetrajectoriescontainedin thebundle.

3.3 Molecule

An objectof datatype Moleculecontainsinformationaboutthe structureof the molecule. Typical
informationthat is storedarethetypesandpositionsof themolecule's atomsandthebondsbetween
theatoms,plus the typeof eachbond. Furthermore,thedataobjectstoresinformationaboutgroups
of atomsin a hierarchicalway. For examplea functionalgroupconsistsof a numberof atoms,several
functionalgroupsmayform a residue,anda coupleof residuesmayform a secondarystructure.This
allowsquick traversalof themolecule'sstructure.

Moleculescanbe visualizedwith the following viewing modules:MoleculeView, BondAngleView,
SecStructureView, or TubeView. In addition,therearetwo modulesfor generatingmolecularsurfaces.
The CompMolSurfacemoduleenablesyou to generatethe solventaccessible, solventexcluded, and
vander Waalssurfacesof a molecule.TheCompMolInterfacemodulecanbeusedto generateintra-
andintermolecularinterfaces,suchasbetweensingleatomsor residues,or betweentwo molecules,
respectively.

Whencomparingthestructuresof severalmoleculeswith eachother, oneis facedwith theproblemof
aligningmoleculesto eachother. This canbeeasilydoneby connectingtheAlignMasterconnection
port to a secondmoleculewhich will serve asreference.Thereareseveral alignmentmodes.If the
moleculeshave thesamenumberof atomsyou canalign thetwo moleculesto eachotherby usingall
atoms,wherebythei' th atomof the�rst moleculecorrespondsto thei' th atomof thesecondmolecule.
You canalsoselectatomsin eithertheslaveor themastermolecule.Theslaveis themoleculeto be
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aligned.If themoleculeshavedifferentnumbersof atoms,theonly way to alignmoleculesis to select
atomsin bothmolecules.

Connections

Data [optional]

Themoleculemaybeconnectedto a moleculardynamicstrajectory. If so,a Timeport will appear
in theworking areawhichenablesyou to loadnew timestepsinto themolecule.

Time [optional]

Sometimesit is necessaryto synchronizetwo or more time-dependentdataobjects,suchas a
moleculefrom a trajectoryand the correspondingelectrostatic�eld. In this case,the Time port
canbeconnectedto aTimeobject.

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 moleculeobject is time dependent,i.e., it is connectedto a
moleculardynamicstrajectory. In theslideryou canselecta speci�c time step.If you wish to step
throughthe trajectory, usethe buttonsnext to the slider. For continousanimation,usethe outer
buttons.

Alignment

Youwill �nd thedescriptionof theabovethreeportsin thesectiononalignmentof molecules.

SelectionBrowser

Pressthis buttonif you wish to opentheselectionbrowserfor thismolecule.
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Transform

If youwantto transformall atomcoordinatesof themoleculeby thecurrenttransformationin order
to save themoleculewith thetransformedcoordinatesto a �le, presstheApplybutton. As long as
theTransformEditor is activeyoucanalsoundoyouractions.

Commands
Youcanusetheconsolewindow for enteringadditionalcommandsfor molecules.Theeasiestway
to usetheconsolefor amoleculeis to click onthemoleculeobjectin theobjectpoolandthenpress
theTABkey in theconsolewindow to displaythenameof theselectedobject.After thenameyou
canusethefollowing selectioncommands:

list
Listsall levelsde�ned for themolecule.

list <levelName>
Listsall groupsof level levelName.

list <levelName/[groupName|groupRange]>
Printsinformationaboutasinglegroupor multiplegroupsspeci�edby agrouprange.

define <levelName/groupName> <groups>
This commandde�nesa new groupgroupNamein thelevel levelName. If levelNamedoesnot yet
exist, it will beaddedasa new level. groupsis a list of groupsof possiblydifferentlevels. Groups
canbespeci�edusingranges.
Example:Thefollowing commandde�nesgrouponein level testconsistingof atoms1 and3 and
residues4 to 6.

� define test/one atoms/1 atoms/3 residues/4-6

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

sel <atomExpr>
Letsyouaddatomsspeci�edby atomExprto thecurrentselection.
Example:Thefollowing commandwill selectall carbonatomswhicharelocatedin helices.

� sel a=C AND s/type=helix

desel <atomExpr>
Letsyou removeatomsfrom theselection.
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applyTransform
Thecurrenttransformis appliedto themolecule,i.e., theoriginal atomicpositionsarereplacedby
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

PDBis a �le formatfor storingstructuresof biomolecules.Theformatis usedfor archiving molecules
in theonlineproteindatabase.[http://www.rcsb.org/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 structure,thefollowing recordtypeswill bewritten:
HEADERTITLE AUTHOR
SEQRESHELIX SHEET TURN SITE SSBOND
ATOMHETATMTER CONECTMASTEREND

amira supportsPDB�les thatfollow theconventionsof PDBformatversion2.0or higher.

How to identify PDB groupsin amira

In amira all levels (atoms,residues,bonds, ...) containa setof information�elds calledattributes.
Everylevel containsthe�eld `index' whichis aninternalidenti�er thatdoesnotnecessarilycorrespond
to thesuccessionof thegroupsin the�le.



If themoleculehasbeenreadfrom a PDB �le thenthe atom 'name' �eld is composedof the chain
nameandthe sequencenumber(columns7 - 11) of the respective ATOMrecords.The �eld 'index'
only correspondsto thesequencenumberif theenumerationof pdbatomsis continuous.

The`type' �eld containstheinformationof the�eld named̀ atomname'(columns13- 16) in thePDB
�le.

The`name'�eld of chainscontainsthechainID(column22)of therespectiveATOMrecord.HETATM
recordswhosechainID�eld is emptywill notbelongto any chainin amira. Thechainnameof atoms
belongingto ATOMrecordswhosechainID �eld is emptywill besetto `NIL'.

The `name' �eld of residiuesis composedof the chain nameand the residuesequencenumber
(columns23 - 26). If theresidueis ahet-group,thenamewill startwith `HET'.

The�eld `type' containstheresiduenames(columns18 - 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 beknown with name'L441' andcomment̀ CB'. It will belongto theresiduewith name
`L58' andof type`VAL' which is sitedon thechainwith namè L'.

It is possibleto save trajectoriesin thePDB format. Note,however, that this is inef�cient dueto the
redundancy of informationof theatomrecordsin eachmodelentry.

Possibleproblems

Somemolecularmodellingpackagesuseslightly alteredconventionsfor saving PDB �les. If you
encounterany problemsin readingsuch�les pleasecheckthefollowing sectionandadjustyour �les
asnecessary.

amira canreadseveral modelsof onemoleculeasa trajectory if thedifferentversionsareseparately
declaredbetweenMODELandENDMDLrecords. If thereareseveral possibleconformationsin one
model(by usingalternatelocationidenti�cators),amira will readonly the�rst version(thatonewith
thealtLocId `A').

Moleculesthataredeclaredasmodelsneedto havethesamenumberof atomsasamira will only read
thetopologyonce.Only thecoordinatesarereadin for eachtimestep.If you have several differ ent
moleculesin onePDB �le, you canseparatethemby ENDrecords.amira will loadevery molecule
endedby anENDrecordseparately, creatingits own dataobject.

Theautomatic creationof bondsof peptideandRNA/DNA residuesis doneby comparingtheatoms
of the residueswith a residuedatabase.Themethodrequirestheatomnamesandtheresiduenames
to follow thePDB standard.Sometimesthird partyprogramswrite atomslike O3* asO3'. This will
preventamira from recognizingtheatomsin thedatabase.Connectionsbetweenconsecutiveresidues
is doneby checkingthesequenceof residuesof eachchain.Bondsof non-standardresiduesmustbe
declaredin theconnectrecords.
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Columns77-78shouldcontaintheelementnameof theatom.In somePDB�les, this �eld is emptyor
containsotherinformation.In thiscase,amira usesthe�rst two lettersof theatomnameto determine
theatomtype. However, in specialcasesthis is not unequivocal. The �eld is not allowed to contain
non-numericalinformation.

All informationin columns79-80is interpretedasthechargeof theatom.Thus,line numbersin this
�eld will leadto strangechargevalues.

Youcangetcompletedocumentationof the�le formatathttp://www.rcsb.org/pdb/.

4.3 PSF/DCD(CHARMM)

This is a formatusedby CHARMM. It consistsof two �les, onecontainingthestructuralinformation
(suf�x .psf),andonecontainingthetrajectory, i.e., theatomcoordinates(suf�x .dcd).

amira canreadthis formatandtranslatesthesectionsof 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/index.html.

amira usesandwritestheinformationgivenin themoleculeatomandbondrecords.

4.5 UniChem

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

amira usesall structuralinformationsuppliedin theCOORDINATESandBONDSblocks.Filesthat
areexportedby amira follow �le formatversion4.0andcanbeusedwith theUniChemsoftware.

4.6 ZIB Molecular File Format

Thezmf�le formatis a structured�le formatdevelopedfor exchangingmoleculardata.

This descriptionis dividedinto two parts.First we describethegeneralandcontext-independent�le
structure.Second,we explainourstructuringconventionsfor moleculardata.
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Structured ®les

A structured�le consistsof a headerandtwo sections:a plain text sectiondescribingthe�le' s struc-
ture,andabinarysectioncontainingtheactualdata:

STRUCTUREDFILE V0.1 BINARY_BE MOLECULE_TRAJECTORY
TYPE
struct {

atoms : array of struct {
id : integer*4;
name : string;
mass : real*4;
properties : integer*4[8];

};
};
DATA;

......... binary data ...........

The �le structureis similar to a structureddatatype in C or PASCAL. Therearetwo compositedata
types(array and struct ), and threeelementarydatatypes(integer , real , and string ).
Finally thereexistsa specialtype(extern ) for includingotherstructured�les.

struct containsnamed�elds of arbitraryheterogeneoustype.

array containsnumbered�elds of the sametype. Arrays are one-dimensionalonly. Their size
caneitherbespeci�ed in the typedeclaration(Example:array[3] of integer ) or in thedata
section.

real andinteger containnumerical,possiblymulti-dimensional,data. The numberof bytesin
an elementmay be speci�ed using “*n”. At the momentonly 4-byte typesareallowed. The rank
(numberof dimensions)mustbe speci�ed in the type declaration.The numberof elementsin each
dimensionmaybespeci�ed in thetypedeclarationor in thedatasection(indicatedby “.”). Example:
integer*4[4,.,3] .

string containsASCII dataof arbitrarylength.Again thelengthcanbespeci�ed in thetypedecla-
ration(Example:string*22 ) or in thedatasection.

extern is a specialkind of a string . Thelengthmustbespeci�ed in thedatasection.Thestring
is interpretedasa structured�le whosecontentsshouldappearaspartof thecurrent�le structure.

Thedatasectionis writtenasfollows:

struct : Theindividualmembersarewritten in thegivenorder.

array : Theelementsaresimplywrittenoneafteranother. If thearraysizeis unspeci�ed,it is written
in front of thearrayasa 4-byteinteger.
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string andextern : Thedatais written byteby byte. If thesizeis unspeci�edin thedatatype,it
is prependedasa 4-byteinteger.

real andinteger : Individual elementsarewritten in the format speci�ed in the �le header(big
endianor little endian).Floatingpointnumbersarein IEEEformat.Matricesarewrittenin FORTRAN
order. If any dimensionis unspeci�edin thedatatype,it is writtenasa 4-byteintegerbeforethedata.
If morethanonedimensionis unspeci�ed,they (andonly they) arewritten beforethe datain their
naturalorder. If a dimensionis speci�edin thedatatype,it is neverwritten in thedata.Example:

integer[2,.,4] = [ [ [1,2,3,4], [5,6,7,8], [9,10,11,12] ],
[ [13,14,15,16], [17,18,19,20], [21,22,23,24] ] ]

is writtenasa sequenceof 4-byteintegers.

3 1 13 5 17 9 21 2 14 6 18 10 22 3 15 7 19 11 23 4 16 8 20 12 24

Theleading3 speci�esthedimensionunspeci�edin thedatatype. The24 numbersthat follow it are
theentriesof thearray.

Molecular data - a minimal ®le

When readinga structured�le containingmoleculardata,amira expectsthe �le structureto have
certainelements.Moreover the �le may have arbitraryadditionalelements,which 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;

};
};
trajectory : array of struct{

coordinates : real*4[3,.];
};

};
typbase : struct {

atoms : array of struct{
id : integer*4;
name : string;
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number : integer*4;
radius : real*4;

};
};

};

In thefollowing wewill useanotationinspiredby C to denoteelementsof thestructure.A struct 's
�eld will bespeci�edasthestruct followedby a “.” andthenameof the�eld. For arrayelements
we will write thearrayfollowedby brackets(“[]”). For example,“molecules[].groupings.atoms[].id”
meansthe�eld “id” in anelementof thearray “atoms”which is a �eld of thestruct “groupings”
which is a �eld of anelementof thearray “molecules”.

Theoverall typeof the�le is astruct containingthe�elds moleculesandtypbase. moleculesis an
array of elements,eachof whichdescribesa molecule.molecules[].namecontainsthenameof the
molecule.

molecules[].groupingsspeci�es the topologyof the molecule,i.e., which atomsit contains. Every
elementof molecules[].groupings.atomsdescribesoneatomof themolecule.atoms[].id is a unique
numericalidenti�er. atoms[].typeis a numericalreferenceto a �eld in thetypebasedescribedbelow.
atoms[].nameis a textual identi�er uniquewith respectto all atoms.It is usedto specifythisatomon
thecommandline.

molecules[].trajectory is anarraywith every elementdescribingonetime stepof a moleculetrajec-
tory. trajectory[].coordinates hasthesamenumberof elementsasmolecules[].groupings.atomsand
everyelementspeci�esapositionfor thecorrespondingatom.

typbase is structured analogously to molecules[].groupings. Corresponding to
molecules[].groupings.atoms, the array typbase.atoms holds information common to
atoms of the same type. Speci�cally, the type information of an atom is stored in the
molecules[].groupings.atoms[].type' thelementof typbase.atoms.

typbase.atoms[].idholdsa numericalidenti�er that shouldbe identical to the elementindex. typ-
base.atoms[].nameis a textual labelfor makingthetypesusertransparent.typbase.atoms[].number
andtypbase.atoms[].radiusaretheatomicnumberandradiusof anatomhaving this type.

Bonds

Bondscanbespeci�edby addinganarraynamedbondsto molecules[].groupings:

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 numerical identi�er which should be greaterthan any 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. Thearraybonds[].components
holdsthe numericalidenti�ers of the two atomsconnectedby the bond. bonds[].index �nally indi-
catesif it is a single(1), double(2), triple (3), or anaromaticbond(4). Thevalue8 indicatesa bond
of unknown type.

Molecular data - a big example

Theinformationstoredin thedescribed�le formatcanbedividedinto differentdegreesof generality.
Informationstoredin typbaseis speci�c to themolecularforce�eld usedin thecalculationsleading
to a moleculartrajectory. It would be redundantto storethis informationin every �le for which the
samemolecularforce�eld wasused.Thusit canbestoredin anextra �le, which is thenreferencedby
anextern declaration.

A similar mechanismappliesif more thanonetrajectoryis calculatedfor the samemolecule. The
topologicalinformationaboutatomsmakingup themoleculeandbondsconnectingthemwill be the
samefor all the trajectories. On the other hand,we do not want a �le for every single molecule
topology. Thusourtrajectorycanreferenceanother�le containingamultitudeof moleculartopologies
andjust supplythetime stepsitself.

Thefollowing is anexamplerealizingtheseconcepts:

trajectory �le:

struct {
typbase : extern;
molecules : array of struct{

id : integer*4;
observations : struct {

global_obs : string[.];
};
text : string[.];
name : string;
molbase : extern;
trajectory : array of struct{

global_obs : real*4[.];
coordinates : real*4[3,.];

};
};

};

molbase�le:

struct {
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typbase : extern;
molecules : array of struct{

id : integer*4;
observations : struct {

global_obs : string[.];
};
text : string[.];
name : string;
groupings : struct {

atoms : array of struct{
id : integer*4;
type : integer*4;
name : string;

};
bonds : array of struct{

id : integer*4;
components : integer*4[2];
type : integer*4;
index : integer*4;

};
dihedrals : array of struct{

id : integer*4;
components : integer*4[4];
type : integer*4;

};
residues : array of struct{

id : integer*4;
name : string;
remark : string;
type : integer*4;
from_id : integer*4;
to_id : integer*4;

};
};
trajectory : array of struct{

coordinates : real*4[3,.];
};

};
};

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

};
};

Someyet undescribedfeaturesappearin this example.The�rst is thepossibilityto supplyscalarob-
servablescorrespondingto thesingletimesteps.Possiblevaluesaredifferentenergieslikekineticand
potentialenergy. Thenamesof theobservablesarereadfrom molecules[].observations.globalobs[]
in thetrajectory�le. Their valuesarestoredin molecules[].trajectory[].global obs[].

Besidesbonds, the �le cancontainarbitrarygroupsof atomsor groupsof groups.Thesegroupsare
organizedin levelswhichappearhereastheelementsof molecules[].groupings.

Every level is an arraywhoseelementsdescribethe particulargroups. Every groupis a structwith
the �elds id andtype, andalso�elds specifyingthecontentsof thegroup. id is numericalidenti�er
uniqueover all groupsspeci�ed for themolecule.Speci�cally, the identi�ers in onelevel shouldbe
consecutively numberedandbiggerthanall theidenti�ers usedin theprecedinglevels.

Therearetwo waysof specifyingagroup.Thegeneralwayis to specifyall elementsexplicitly. In that
case,thegroupcontainsa �eld components[]containingthe ids of all elementsof thegroup. If the
elementsof agroupcoveraconsecutivesequenceof ids, it is suf�cient to specifyonly the�rst andthe
last id. In thatcasethegroupcontainsthe�elds fr om id andto id.

dihedrals aregroupsof four atomsconnectedby threebondslike a chain. Every suchgroupde�nes
two intersectingplanes. The angleof intersectionis calleda dihedral angleor torsion angle. For
performancereasonsamira will readdihedralsonly if themoleculehaslessthan500atoms.Torsion
anglescanbedisplayedwith theMoleculeView.

residuesaregroupsrepresentingthebuilding blocksof a complex molecule,for exampletheamino
acidsof a protein. All groupingscanbe usedto color the moleculein the MoleculeView or in the
BondAngleView usingthegeneralcoloringfacilities.
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Chapter 5

Alphabetic Index of Editors

5.1 MoleculeAttrib ute Editor

This tool allowsyou to edit attributesof groupscontainedin a Moleculedataobject.It hasadditional
tabscontaininginterfacesfor exportingattributesto a �le or importingthemfrom a �le into thedata
object.Wewill startwith ageneraldescriptionof theattributeconceptof amira followedby adetailed
dessriptionof thethreedifferenttabs.

The level and attrib ute conceptof amira

In amira, eachmoleculeconsistsof several groupinglevels, which arechemicalsubdivisonsof the
moleculeof differentdegreesof complexity. The levels areorderedin a hierarchyin the way they
dependon eachother. The most basicsubdivison andthereforethe root of the hierarchicaltree is
theatomlevel. All bondsor residuesaresubdivisionswhich containsetsof atoms,while secondary
structuresconsistof setsof groupsof theresidueslevel,andsoon. In thelanguageof databasesystems,
levelsareentitiesandgroupsareinstancesof theseentities. Figure5.1 shows theentity relationship
modelfor themostcommongroupinglevels.

Eachlevel hasa setof attributes. Attributesarepropertiesof groupsof typestring, integer, or �oat.
Thenumberof levelsandattributesdependson the�le formatfrom which themoleculeis read.

The Edit Tab

Theedit tabof theattributeeditor(Figure5.2)offerstwo differenttools:

� addition,deletion,or renamingof attributesfrom a level



Figure 5.1: Entity relationshipmodelof themostcommonlevels
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Figure 5.2: AttributeEditor

� changingof attributevaluesof certaingroupsof a level

Thepull-down widgetat the top of thewindow letsyou choosethe level to which theactionwill be
applied. The tablebelow will show all attribute namesof the level in the left column. The second
columnwill containthecorrespondingattributevaluesof all completelyselectedgroupsof thegiven
level.

Thecolorationof thesetablecellscanchangedependingon theattributeandtheselectedgroups:

� graybackground:attributecannotbechangedor deleted(attributeis usedasanindex by amira)
� whitebackground:attributecanbechangedanddeleted
� blacktext: only onegroupof thelevel is selected
� greentext: severalgroupsof thelevel areselectedbut all of their attribute,valuesareequal
� redtext: severalgroupsof thelevel areselectedandat leasttwo attributevaluesof thesegroups

differ (in this casenoattributevaluewill bedisplayedin theright column)

Changingattrib utesor attrib ute values:To changethenameof anattribute,simply left-click in the
respectivecell of theleft columnandenterthedesiredname.To changeattributevaluesof thecurrently
selectedgroups,click in thecell in theright column.Exceptfor index attributes(graybackground),all
valuescanbechanged.If severalgroupsareselectedandno valueis displayed(becausesomevalues

MoleculeAttributeEditor 93



differ), theadjustmentof thevaluein theemptytablecell will resetthevalueof all groupsto thegiven
choice.Thereforethecolorof this attributewill changefrom redto green.

To selectgroupsyou canusetheselectionbrowser.

Adding and deleting attrib utes: The lower part of thewindow lets you addor deleteattributesby
typing thenameinto thetext box andusingtheappropriatebutton. Whenaddingattributes,you also
mustchoosetheinternalformattype(string,integer, or �oat) with thepull-down menu.

The Export Tab

If you have donecalculationsin amira which createdattributesasa result,you might want to save
theseattributesto a �le which canbeusedby othersoftware(for examplestatisticspackages).This
tabgivesyou apowerfull possibilityto write andformatyouroutput.

Usinga prede�ned format speci�cation: To exportattributesto a �le youhaveto specifytheformat
in the format widget. You can load a prede�nedformat speci�cation by clicking on the Pred�ned
Speci�cationbutton. We have includedsomesimplespeci�cation for commontasks. You canadd
yourown speci�cationby editingthe�le share/molecules/exportPrede�nitons.cfg in your localamira
directory.

Creatinga new format speci�cation: A completeexplanationof theconceptof theformatingstring
canbefoundin thefollowing section.We will startwith asimpleexamplewhichshallgiveyoua �rst
understandingof theideabehindtheconcept:

%(atoms)%(atoms,charge)

will write a �le which will containthechargeof eachatom. Notethatafter thelastbracket you have
to enterawhitespace,otherwiseall chargeswill bewrittenwithoutdelimitersbetweenthem.

Iteration-context: The �rst thing to think aboutwhenwriting attributesto a �le is to decidewhich
level shouldbethebaselevel of information.Thiswill bethelevel overwhosegroupswill beiterated,
the 'iteration-context'. Usually this is just the samelevel asthat of theattributesyou want to write.
However, imagineyou want to write theresiduenamesof theresidueseachatombelongsto. In this
casethe iterationcontext is the level 'atoms' while theattribute is of the level ' residues'.To setthe
iteration-level just type%(levelname).In theexamplegivenabove theiteration-context wasthelevel
'atom'.

Text and attrib ute output: Thetext afterthis iteration-context de�nition speci�estheoutputfor each
memberof the iteration-level. It can containtwo things: speci�cation of attributesandadditional
text thatmight containdelimitercharactersor keywordsneededby the importingfunctionof another
program.Theattributespeci�cationhastheform %(levelname,attributename).Theadditionaltext can
containeverything(inlcluding carriagereturns)exceptthe character'%'. In the exampleabove the
attributespeci�cationwas%(atoms,charge)andtheadditionaltext wasthetrailing whitespace.

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

Resultsin a tablewhich containsthechainindex andtheresidueindex for eachresidue(afterthelast
bracketacarriagereturnmustbeentered,otherwisetherewouldn't belinefeedsbetweentheindividual
entries).

Theslightly modi�ed example

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

might look ok at �rst glance,but whatis theatomindex for eachresidue?In factit is unde�nedaseach
residuecancontainseveralatoms.This is a direct resultof thegeneralconceptof level dependancy.
If groupsof a level lev1 cancontaingroupsof level lev2, lev1 is saidto bedependanton lev2. Inside
of aniteration-context only suchlevelswhich dependon theiteration-level or theiteration-level itself
maybeused.

Ending an iteration context: Theiteration-context canbeendedby thede�niton of a new iteration-
context or the emptyde�nition %(). The latter enablesyou to write text betweendifferentsections.
Example:

ATOMSECTION:
%(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 carriagereturnafter thelastbracket. The%() wasneededsothat thetext
'RESIDUE SECTION' wouln't berepeatedfor eachmemberof the'atoms' iteration-context.

Specialattrib utes: As atomcoordinatesarenotstoredasattributesbut in aninternaldataarrayof the
object,they arenot directly available. However, you canwrite themby using%(atoms,coordinates)
whichwill beinternallytranslatedfrom anattributeaccessto anaccesson thedataarray. It will write
thex, y andz coordinatesdelimitedby whitespaces.

Options: The option write selectedonly will limit eachiterationcontext to thosegroupswhich are
currentlyselected.For unselectedgroupsnooutputwill beproduced.

The Import Tab

If youwantto useresultsof otherprogramsin amira youcanimport themasattributesof groups.An
exampleis thecommontaskof generatingpartial chargeswith a molecularforce �eld tool andthen
readingthemin to examinetheresults.
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If youhavn't donesoyetyoushould�rst readtheprevioussectionaboutexportinga �le, asthesyntax
of theexport formatstringcanbeconsideredto bea simpleform of thesyntaxof the import format
string.

Usinga prede�ned format speci�cation: Justasfor exportingattributesyoucanalsoloadprede�ned
formatspeci�cationwith thePrede�nesSpeci�cationsbutton.Youcanedit thespeci�cationin the�le
share/molecules/importPrede�nitons.cfg in your localamira directory.

Rangeof application: Whenyouwantto importanattributeyour�rst taskwill beto takealook at the
�le to analyzeits structureandto �nd theinformationthatyouneed.If theinformationin the�le is in
nestedstructuresit is recommendedto transformthe�le into a simplerformatby writing for example
aperl scriptor to write yourown amira internalreadermethodusingAmiraDev.

Most of the �les you will encounterhowever containinformationsimply delimitedby certainchar-
actersor keywordsor locatedin certaincolumnsof the �le. If the format is quiet complicatedit
is sometimeshelpfull to preprocessthe �le via the unix-commands'egrep' and 'cut' to cut out the
informationneeded.

Iteration-context and attrib ute speci�cation: To get the ideabehindtheimport formatsyntaxhere
is anexamplefor a verysimple�le format:

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

This codeexpectsthat thereare as many charge valuesin the �le as the numberof atomsin the
molecule,eachseperatedby a semicolon.

Thusthe formatstring hasthe sameconceptof an iteration-context astheexport method. The only
new part in theexampleis thetypespeci�cation'�oat' which is neededif theattributeis not allready
existantinsideamira. If it is you canomit thetype. Typecanbe'integer' 'string' or '�oat'. Another
differenceto theexport formatis thatyoucanspecifyonly attributesof thesamelevel astheiteration-
level.

Skipping characters: If you want to specifythat theremaybeanarbitrarynumberof charactersof
sometypeyou candosoby %”char”*. In theexample

%(atoms)%(atoms,charge)%" "*;%" "*

would beneededif theremaybean arbitrarynumberof whitespacesbetweenthechargevaluesand
thesemicolon.You canentermorethanonecharacterbetweenthequotes.It will readandskip any
charactercontainedin thequotesuntil thetokenbehindtheasterikis found. If thetokenis nota literal
but anattributespeci�cationit will skip thecharactersuntil the�rst occuranceof a tokenthatmightbe
of thesametypeasattribute. Thequotedcharacterscanof coursealsocontaina linefeed.A %* will
skipany 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
examplecouldbe usedfor theTRIPOS�le formatwhich usesthe '@¡TRIPOS¿ATOM' 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
somealphanumericaltoken followed by oneor more spacesfollowed by the attribute you want to
read. Typing all charackterswhich canbe skippedwould be tedious,but you cande�ne rangesby
using[char1-char2].Thustheexamplelookslike

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

Notethattherangeis interpretedasarangeof theASCII positionsof thegivencharackters.

Using a �le-inter nal iteration: Takea look at thefollowing example:

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

Thede�ned iteration-context won't beneededbecausefor eachchargevaluewe know theatomindex
it is associatedwith. Thus,the index hasthe functionof an own �le-internal iteration-context. 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 patternrepeatedlysearchedfor in the �le. This however only appliesif the index
attributehasbeenread�rst, if thereareotherattributesbeforeit in thesameiterationcontext it will
notoverrulethecontext.

Reading information in prede�ned columns Some�le-formats (like pdb) do not use delimiter
charactersbut have prede�nedcolumnsin which information is located. To accessthesecolumns
you can add width numbersto the attribute speci�cationsand skip speci�cations. The format is:
%width(levelName,attributeName,attributeType)and%width*.

If thechargeattributeyou wantto readis locatedbetweenthe50thand59thcolumnof eachline you
couldspecifytheformatlike this:

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

followed againby a linefeed. The �rst 49 columnsof eachline will be skipped. Then the charge
attributewill bereadfrom thenext 10columnsandtherestof theline will beskipped.
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Figure 5.3: TransformTab

5.2 MoleculeEditor

Thistool canbeusedto changethegeometryandtopologyof aMoleculedataobject.To changegroup
attributes,you canusetheMoleculeAttributeEditor.

Mostof theeditor's functionsareappliedto setsof atoms,whichcanbeselectedby usingtheselection
browseror by directly clicking onatomsin theviewer.

Themoleculeeditor, Figure5.3,hastwo tabs:

� The Transformtab containsall tools to changethe geometryof selectedatomsby adjusting
positions,bondlengths,torsionalangles,andbondangles.

� TheTools taboffersmethodsto split or copy partsof themolecule,aswell asan interfacefor
addingor removing bondsbetweenatoms.

Transform Tab

The transformtab is divided into four differentsections.Eachsectioncanbe usedto adjustcertain
coordinatesof thecurrentlyselectedatoms.Thedifferentcoordinatetypesare:

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

� BondLengthis thedistancebetweentwo selectedatoms.
� BondAngleis theplanaranglebetweenthreeselectedatoms.
� BondTorsionis thedihedralanglebetweenfour atoms.
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Figure 5.4: Editingadihedralwhile viewing theanglewith themeasurementmodule

Coordinatescanbesetabsoluteor relative to their currentvalue.In eachsection,theupperrow (with
graybackground)displaysthecurrentabsolutevalue. In the lower row (with white background)you
canentera new value. In theright partof eachsectionarethreebuttons.The�rst buttontransforms
thecoordinatewhile assumingthat theenteredvalueis anabsolutevalue. Thesecondbuttonsimply
appliesthe transformationwith the enteredvaluetext asa relative difference.The third button will
activatea draggerin theviewer for adjustingthecoordinateinteractively. Figure5.4 shows thebond
torsiondraggerasanexample.TheMeasurementmodulecanbeusedto displaycurrentlyeditedbonds
or angles.

Whichbuttonscanbeusedandwhicharedisableddependsonthenumberof currentlyselectedatoms.

An additonaltogglebutton canbe found in the BondAnglesection. If this toggle is activated,the
interactiveadjustmentwith thedraggerwill causebothbondsto bebentsymmetrically, otherwiseonly
onebondwill bebent.

Thepositiondraggercanbemovedon theplanedeterminedby thefaceof thecubicdraggeryouclick
on. Youcanadditonallyrotatetheselectedgroupsby draggingthegreenknobs.

MoleculeEditor 99



Figure 5.5: ToolsTab

ToolsTab

Thetoolstabis subdividedinto two sections:

ChangeTopology

The cut button will cut the currentlyselectedgroupsout of the molecule. The split button will do
thesamebut will copy thegroupsinto a new moleculewhich will be addedin theobjectpool. The
copybuttonwill leave thecurrentmoleculeunchangedwhile copying theselectedgroupsinto a new
moleculewhich will beaddedto theobjectpool. Whenpressingtheaddbutton,a window will open
which will let you chooseanothermoleculein theobjectpool whosegroupsyou want to addto the
currentmolecule.

Connection

TheConnectionsectionoffersdifferentoptionsfor in�uencing thebondingof thecurrentlyselected
atomsOntheright sideof theinterfacearebuttonsfor addingor removingbondsbetweenthecurrently
selectedatoms.Thesetof bondswhichwill beaddedor removedwill dependon theconnectionmode
thatyoucanchooseon theleft sideof theinterface.

� Standard: This is themostreliablemethodfor addingbondsto a proteinor DNA/RNA. It will
look up all residuesin a residuedatabaseandaddbondsaccordingly. This methodwill only
work for moleculesthat containthe residuetype attribute. For connectionsbetweendifferent
residuesit will checkall residueson a chainsequentially. Whenusedtogetherwith the cut
actionall bondswill beremovedwhichcannotbefoundin thedatabase.

� Bond length table: This option lets you add bondsbetweenselectedatomsby looking up
their bond lengthsin the �le bondLengths.cfgwhich can be found and edited in your local
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amira/share/moleculesdirectory. If thedistanceof two atomsdoesnotdeviatefurtherthanacer-
tain thresholdfrom thebondlengthbetweentherespective elementsin thetable,thebondwill
beadded.Thismethodis ableto distinguishbetweensingle,double,triple, andaromaticbonds.
It shouldbethe�rst choicefor non-standardresiduesor moleculesnotcontainingresidueinfor-
mation.Justlike theStandard optionthismodecanalsobeusedtogetherwith thecutaction.In
this caseall bondswhichdeviatetoostronglyfrom thebondlengthtablewill beremoved.

� External: This modecanonly be usedtogetherwith the cut action. It will remove all bonds
betweenselectedand unselectedatomsthus enablingyou to disconnectcertainpartsof the
moleculefrom therest.

� All: Thismodewill addor removeall possiblebondsbetweentheselectedatoms.
� DistanceCutoff: This last modeusesa distancecutoff for decidingwhich bondsto add or

remove. The Maximal AtomDistanceslider determinesthe maximaldistanceof two bonded
atomsin 	A. Whenusingthis modetogetherwith theaddactionall bondsbetweenatomswhich
arenearerthanthecutoff distancewill beadded.Equally, thecut actionwill remove all bonds
whoselengthis greaterthanthethreshold.
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Button Group

TheOK buttonwill closetheeditorandacceptall changesmadeto themolecule.TheCancelbutton
letsyou returnfrom theeditor restoringtheoriginal state.Resettingthemoleculewithout canceling
theeditorcanbedonewith theResetbutton.TheApplybuttonwill applythechangesyou have made
to themoleculeobject.This meansthatany furtherresetwill returnthemoelculeto thecurrentstate.
With theUndobuttonany transformationcanbeundoneup to 10 levelsbackfrom thecurrentstate.

Figure 5.6: ButtonGroupof theMoleculeEditor
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Part II

amiraDecon v





Chapter 6

amiraDecon v Intr oduction

The amira Deconvolution Packageprovidespowerful algorithmsfor improving the quality of mi-
croscopicimagesrecordedby 3D wide�eld andconfocalmicroscopes.Two differentmethodsare
supported,namelya so-callednon-blindanda blind deconvolution method,both basedon iterative
maximum-likelihoodimagerestoration.In the �rst casea measuredor computedpoint spreadfunc-
tion (PSF)is required.In thesecondcasethePSFis estimatedalongwith thedataitself.

Thedocumentationof theamira DeconvolutionPackageis separatedinto thefollowing parts:

� Generalremarksaboutimagedeconvolution
� Dataaquisitionandsamplingrates
� Standarddeconvolutiontutorial
� Blind deconvolutiontutorial
� Beadextractiontutorial
� Performanceissuesandmulti-processing

Thefollowing modulesarepartof theamira DeconvolutionPackage:

� BeadExtract- obtainaPSFfrom abeadmeasurement
� Convolution- convolvetwo 3D images
� CorrectZDrop- correctsattenuationin z-direction
� DataPreprocess- backgroundand�at�eld correction
� Deconvolution- theactualdeconvolutionfront-end
� FourierTransform- computesFFT andpowerspectrum
� PSFGenerate- calculatesa theorecticalPSF



6.1 General remarksabout imagedeconvolution

Deconvolutionis a techniquefor removing out-of-focuslight in aseriesof imagesrecordedvia optical
sectioningmicroscopy. Intendedto investigate3D biological objects,optical sectioningmicroscopy
works by creatingmultiple images(optical sections)of a �uorescing object, eachwith a different
focusplane. However, besidesthe in-focusstructuresthe imagesusuallyalsocontainout-of-focus
light from otherpartsof the object, causinghazeandsevereaxial blur. This is even the casefor a
confocallaserscanningmicroscope,wheremostof theout-of-focuslight is removedfrom the image
by apinholesystem.Mathematically, theimageproducedby any microscopicsystemcanbedescribed
astheconvolution of theidealunblurredimageof thespecimenandthemicroscope'sso-calledpoint
spreadfunction(PSF),i.e., the imageof an idealpoint light source.With the inverseof this process,
calleddeconvolution, a deblurredimageof thespecimencanbe obtained,provided thepoint spread
functionis known or at least,canbeestimated.

The amira deconvolution packagemainly provides two variantsof a powerful iterative maximum-
likelihoodimagerestorationalgorithm,namelya non-blindoneanda blind one. The differencebe-
tweenthemis thatin the�rst casea measuredor computedpoint spreadfunctionis used,while in the
secondcasethePSFis estimatedalongwith thedataitself. Maximum-likelihoodimagerestorationcan
beconsideredasthede-factostandardfor deconvolution of 3D optical sections.Althoughcomputa-
tionally quiteexpensive,themethodis ableto signi�cantly enhanceimagequality. At thesametime it
is veryrobustandinsensitivewith respectto noiseartifacts.However, it shouldbenotedthat,although
rejectingmostof theout-of-focuslight, by no meansall of it is rejected.Therefore,somenoticeable
hazeremainsin theimages.Also, theimagesretaina substantialaxial smearingin z-direction,which
cannotberemovedby any deconvolutionalgorithm.

At the�rst sightonemaywonderwhy botha non-blindanda blind deconvolutionalgorithmarepro-
vided in amira, althoughblind deconvolution seemsto be moregeneralsincethe PSFis calculated
automatically. Oneansweris that blind deconvolution is computationallyeven moreexpensive than
non-blinditerativemaximum-likelihoodimagerestoration.Theotheransweris thatin a blind decon-
volution algorithma meaningfulestimateof the PSFcanonly be computedif severeconstraintsare
imposed.For example,a trivial solutionof theblind deconvolutionproblemwouldbeanimagewhich
is identicalto theinput imageandaPSFwith theshapeof anidealdeltapeak.Obviously, thissolution
isn't usefulat all. Therefore,if for exampleconfocaldatais to bedeconvolvedthealgorithm�ts the
actualPSFin sucha way that it looks like a possiblemeasuredPSFof a confocalmicroscope.More
precisely, the�t is constraintto bein agreementwith theexperimentalparameters(therefractiveindex
of themedium,thenumericalapertureof theobjectiveandthevoxel-sizes).Sometimes,this canlead
to wrong results,for examplewhenthe confocalpinholeapertureof the microscopewasn't stopped
down suf�ciently duringconfocalimageacquisition,in whichcasethemicroscopeactuallydidn't be-
have like a trueconfocalmicroscope.As a matterof factyou shouldtry whichapproachprovidesthe
bestresultsfor your own imagedata,blind deconvolution or non-blinddeconvolution with eithera
measuredor anautomaticallycomputedPSF.
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6.2 Data acquisition and sampling rates

In orderto obtainbestquality whendeconvolving microscopicimagessomefundamentalguidelines
shouldbeobeyedduringimageaquisition.Goodresultsmaybeobtainedevenif someof theseguide-
linesarenot followedexactly, but in generalthechancesto getsatisfactoryresultsimproveif they are.
Below wediscussthemostimportantrecommendations.

Adjusting the scannedimagevolume

The region of interestshouldbe centeredin the middle of the imagevolume, as the optics of the
microscopehasusually the leastaberrationsin this region and it helpsto avoid possibleboundary
artifacts,which can ariseduring the deconvolution procedure. Especiallyfor wide�eld data it is
importantto recorda suf�ciently large(preferablyempty)region below andabove theactualsample.
Ideally, this region shouldbe as large as the sampleitself. For example,if the samplecovers100
micrometerin z-direction,the scannedimagevolume shouldrangefrom 50 micrometerbelow the
sampleto 50micrometerabove it.

Choosingthe right sampling rate

Thesamplingrateis determinedby thepixel sizesin x andy directionaswell asthedistancebetween
two subsequentopticalsections,bothmeasuredin micrometers.Generallyspeaking,imagedeconvo-
lution works bestif thedatais apparentlyoversampled,i.e., if thepixel or optical sectionspacingis
smallerthanrequired. Themaximalrequiredsamplingdistance(Nyquistsampling)to avoid ambigu-
ities in thedatacanbeobtainedfrom considerationsin Fourier-spaceyielding

dxy =
�

4NA
;

where� denotesthewavelengthandNA is thenumericalapertureof themicroscope.Similar consid-
erationsyield for themaximaldistancebetweenadjacentimagedplanes:

dz =
�

2n (1 � cos(� ))
;

wheren denotestherefractive index of theobjectmediumandalpha theaperturehalf angleasdeter-
minedby NA = n sin(� ).

For a confocalmicroscopeboth the in-planesamplingdistanceandtheaxial samplingdistanceneed
to be in theory approximately2 times smaller. However, this requirementis far to strict for most
practicalcasesand even in the wide�eld case,approximatelyfull�lling the above requirementsis
oftensuf�cient.

The total numberof optical sectionsis obtainedby dividing the heightof the imagevolumeby the
samplingdistancedz . It shouldbementionedthatdeconvolutionalsoworksif thesamplingdistances
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arenot matchedrigorousy, but matchingthemimprovesthe chancesto get goodresults. In general
oversamplingtheobjectis lessharmfulthanundersamplingit, with oneexception:In caseof confocal
datathesamplingdistancedxy shouldnot bemuchsmallerthanindicated,if theblind deconvolution
algorithmor thenon-blinddeconvolution algorithmtogetherwith a theoreticallycomputedconfocal
PSFareused.OtherwisetheunconstraintMaximumLikelihoodalgorithmandthepredominantnoise
in thedatamight leadto unsatisfactoryresults.

Black level and saturation

Beforegrabbingimagesfrom the microscope's camerathe light level shouldbe adjustedin sucha
way that saturatedpixels,eitherblack or white ones,areavoided. Saturatedpixelsarepixels which
areclampedto either black or white, becausetheir actualintensityvaluesareoutsidethe rangeof
representableintensities.In any case,saturationmeansa lossof informationandthuspreventsproper
post-processingor deconvolution. At thesametime animmoderatehigh backgroundlevel shouldbe
avoided,sinceit decreasesthedynamicrangeof the imagingsystemandthedeconvolution performs
worse. This meansthatemptyregionsnot showing any �uorescenceshouldappearalmostblack. A
backgroundlevel closeto zerois especiallyimportantwhenbeadmeasurementsareperformedin order
to extractanexperimentalpointspreadfunction.Detailsarediscussedis aseparatetutorialaboutbead
extraction.

6.3 Standard Deconvolution Tutorial

This tutorial explainshow 3D imagedatasetscanbe deconvolved in amira. It is asumedthat the
readeris alreadyfamiliar with thebasicconceptsof amira itself. If this is not thecase,it is strongly
recommendedto work throughthestandardamira tutorials�rst. In this sectionthe following topics
arecovered:

1. Prerequisitesfor deconvolution
2. ResamplingameasuredPSF
3. Deconvolving animagedataset
4. Calculatinga theoreticalPSF

As anexamplewe aregoingto usea confocaltestdataset(polytrichum.am) providedwith theamira
deconvolutionpackage.Thedata�le is locatedin thedirectoryAmira-3.0/data/deconv.

� Loadthedatasetpolytrichum.am.
� Visualizeit for exampleusinga ProjectionView module.

Thedatasetshows four chloroplastsin a sporeof themosspolytrichumcommune.

108 Chapter6: amiraDeconv Introduction



Prerequisitesfor deconvolution

Besidestheimagedataitself for thestandardnon-blinddeconvolutionalgorithmalsoaso-calledpoint
spreadfunction(PSF)is required.ThePSFis theimageof asinglepointsource,or asacloseapprox-
imation,the imageof a single�uorescingsub-resolutionsphere.PSFimagescaneitherbecomputed
from theory(seebelow) or they canbeobtainedfrom measurements.In thelattercasetiny so-called
beadsarerecordedunderthesameconditionsastheactualobject.Thismeansthatthesameobjective
lens,thesamedyeandwavelength,andthesameimmersionmediumareused.Typically, theimages
of multiple beadsareaveragedto obtainanestimateof a singlePSF. amira providesa modulecalled
BeadExtractfacilitating this process.Theuseof this moduleis discussedin a separatetutorial about
beadextraction.At this point let ussimply loada measuredPSFfrom a �le.

� Loadthedatasetpolytrichum-psf.am.
� UsetheProjectionView moduleto visualizeit.

ThePSFappearsasabrightspotlocatedin themiddleof theimagevolume(Figure6.1). It is important
that thePSFis exactly centered.Otherwise,thedeconvolveddatasetwill be shiftedwith respectto
theoriginal image.Also, it is importantthatthePSFfadesout to blackat theboundaries.If this is not
thecase,theblacklevel of thePSFimageneedsto beadjustedusingtheArithmetic module.Finally,
neitherthe PSFnor the imageto be deconvolved shouldexhibit intensityattenuationartifacts, i.e.,
imagesliceswith decreasedaverageintensitydueto exessive light absoprtionin otherslices.If such
artifactsarepresent,they canberemovedusingtheCorrectZDropmodule.

Resamplinga measured PSF

Next, selectboth, the PSFand the imagedata. You'll notice that the voxel sizesof both objects
arenot the same. It is recommendedto adjustdifferentvoxel sizesof PSFandimagedataprior to
deconvolutionusingtheResamplemodule.Thedeconvolutionmoduleitself alsoaccountsfor different
voxel sizes,but is doessoby usingpointsamplingwith trilinear interpolation.This is ok aslongasthe
voxel sizeof thePSFis largerthanthatof theimagedata.However, in our casethevoxel sizeof the
PSFis smallerthanthatof theimagedata,i.e., theresolutionof thePSFhigher. UsingtheResample
moduleprovidesslightly moreaccurateresultshere,sinceall sampleswill be�ltered correctlyusing
a Lanczoskernel.

� ConnectaResamplemoduleto polytrichum-psf.am.
� ConnecttheReferenceport of theResamplemoduleto theimagedatasetpolytrichum.am
� In theModeportof theResamplemodule,choosevoxelsize(seeFigure6.2).
� ResamplethePSFby pressingtheDoIt button.

The voxelsizeoption meansthat the PSFwill be resampledon a grid with exactly the samevoxel
sizeasthe imagedataset,which is connectedto the Referenceport. While the original PSFhada
resolutionof 12x 12x 30voxels,theresampledoneonly has12x 12x 16voxels.However, theextent
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Figure 6.1: Maximumintensityprojectionof polytrichum-psf.am
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Figure 6.2: ResamplingaPSFusingtheResamplemodule.

of a singlevoxel in z-directionis biggernow.

Deconvolving an imagedata set

After a suitablePSFhasbeenobtainedwe arereadyfor deconvolving theimagedataset.This canbe
doneby attachinga Deconvolutionmoduleto theimagedata.

� ConnectaDeconvolutionmoduleto polytrichum.am.
� Connectthe Kernel port of the Deconvolution module to the resampledPSF polytrichum-

psf.Resampled.
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Oncethedeconvolutionmoduleis connectedto its two inputobjects,someadditionalparametersneed
to beadjusted(for a detaileddiscussionof theseparametersseealsothe referencedocumentationof
theDeconvolutionmoduleitself). Figure6.3showsthesesettings:

Borderwidth: For deconvolutiontheimagedatahasto beenlargedby a guardbandregion. Otherwise
boundaryartifactscanoccur, i.e., informationfrom onesideof the datacanbe passedto the other.
Thereis noneedto maketheborderbiggerthanthesizeof thePSF. However, if thedatasetis darkat
theboudariesasmallerborderwidth is suf�cient. In ourcase,let uschoosethebordervalues0, 0, and
8 in thex, y, andz direction.

Iterations:Thenumberof iterationsof thedeconvolutionalgorithm.Let uschoosea valueof 20here.

Initial estimate: Speci�es the initial estimateof the deconvolution algorithm. If constis chosena
constantimageis usedinitially. This is themostrobustchoice,yielding goodresultsevenif theinput
datais verynoisy. We keepthis optionhere.

Overrelaxation: Overrelaxationis a techniqueto speedup theconvergenceof the iterative deconvo-
lution process.In mostcasesthebestcompromisebetweenspeedandquality is �xed overrelaxation.
Thereforewekeepthis choicealso.

Method: Selectsbetweenstandard(non-blind)andblind deconvolution. Let usspecifythestandard
optionhere.

Theactualdeconvolutionprocessis startedby pressingtheDoIt button. Pleasepressthis buttonnow.
The deconvolution shouldtake about1-2 minuteson a moderncomputer. During thedeconvolution
theprogressbar informs you aboutthestatusof theoperation.Also, after every iterationa message
is printedin the amira consolewindow indicatingthe amountof changeof the data. If the change
seemsto besmallenoughyou canterminatethedeconvolutionprocedureby pressingthestopbutton.
However, notethatthestopbuttonis evaluatedonly oncebetweentwo consecutive iterations.

Whendeconvolution is �nished a new datasetcalledpolytrichum.deconv appearsin theobjectpool.
You might take a look at the deconvolveddataby moving the ProjectionView connectionline from
polytrichum.amto polytrichum.deconv.

Calculating a theoretical PSF

Sometimesbeadmeasurementsaredif�cult to perform,sothatanexperimentalPSFcannoteasilybe
obtained.In suchcasesa theoreticalPSFcanbeusedinstead.amira providesthemodulePSFGener-
ate, allowing you to calculatetheoreticalPSFs.Themodulecanbecreatedby selectingPSFGenerate
from theEdit Createmenuof theamira mainwindow.

Oncethemoduleis createdagainsomeparametershave to beentered.The resolutionandthevoxel
sizecanbemosteasilyspeci�edby connectingtheDataportof thePSGGeneratemoduleto theimage
datasetto beconvolved.In our casepleaseconnectthis port to polytrichum.am.

In orderto generatea PSFyou alsoneedto know thenumericalapertureof themicroscopeobjective,
the wavelengthof the emittedlight (to be enteredin micrometers!),and the refractive index of the
immersionmedium. In our test examplethesevaluesareNA=1.4, lambda=0.58,andn=1.516(oil
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Figure6.3: Deconvolution moduleattachedto polytrichum.am.
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Figure6.4: ThePSFGenmodulecalculatestheoreticalPSFs.

medium).Also, changethemicroscopicmodefrom wide�eld to confocal.

After pressingtheDoIt buttonthecomputedPSFappearsasan icon labelledPSFin theobjectpool.
You cancomparethe theoreticalPSFwith the measuredoneusing the OrthoSlicemodule. You'll
noticethat the measuredPSFappearsto be slightly wider. This is a commonobservation in many
experiments.

Onceyou have computeda theoreticalPSFyou canperformnon-blinddeconvolution asdescribed
above. However, for conveniencetheDeconvolutionmoduleis alsoableto computea theoreticalPSF
by itself. Youcancheckthisby disconnectingtheKernelportof theDeconvolutionmodule.If noinput
is presentat this port, additionalinput �elds areshown, allowing you to enterthe sameparameters
numericalaperture,wavelength,refractive index, andmicroscopicmodeas in PSFGenerate. After
theseparametershave beenenteredthe deconvolution processagaincanbe startedby pressingthe
DoIt button.
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Note,thatany previousresultconnectedto theDeconvolutionmodulewill beoverwrittenwhenstarting
the deconvolution processagain. Therefore,be sureto disconnecta previous result if you want to
comparedeconvolutionwith differentinputPSFs.

6.4 Blind Deconvolution Tutorial

Thistutorialexplainshow blinddeconvolutioncanbeperfomedin amira. At thesametimeit describes
how deconvolution jobscanbeprocessedusingtheamira job queue.Like in theprevious tutorial it
is assumedthat the readeris alreadyfamiliar with the basicconceptsof amira itself. If not, we
recommendto work throughthestandardamira tutorials�rst.

A blind deconvolution example

Let usstartby loadingaraw imagedataset�rst.

� Loadthe�le alphalobe.amfrom thedirectoryAmira-3.0/data/deconv.
� Visualizethedatasetby attachingaProjectionView moduleto it.

The datasethasbeenrecordedusinga standard�uorecscencemicroscopeunderso-calledwide�eld
conditions.It shows a neuronfrom thealpha-lobeof thehoneybeebrain. Comparedto theconfocal
datasetusedin thestandarddeconvolutiontutorialalphalobe.amis muchbigger. It hasa resolutionof
248x 248x 256voxelswith a uniform voxel sizeof 1 micrometer. In thexy-planeof theprojection
view thestructureof theneuroncanbeclearly identi�ed. However, thecontrastof the imageis quit
poor becausethereis a signi�cant amountof out-of-focuslight or hazepresent.With amira's blind
deconvolution algorithmwe canenhancethe imagedatawithout needingto know anexplicit PSFin
advance.

� Attacha deconvolutionmoduleto alphalobe.am.
� Adjust theparameterslike shown in Figure6.5.

Theindividualparametershavethefollowing meaning:

Border width: Like for standardnon-blind deconvolution the imagedatahas to be enlarged by a
guardbandregion. Otherwiseboundaryartifactscanoccur, i.e., informationfrom onesideof thedata
can be passedto the other. In our casewe only provide a small guardbandregion of 8 voxels in
x- andy-direction. In z-directionwe do not provide any borderbecausetherearesuf�ciently many
emptyslicesbelow andabove the actualneuron. The resultingsizeof the dataarrayson which the
computationsareperformedthenis 256 x 256 x 256. Because256 is a power of two (28) the Fast
FourierTransforms,thecomputationallymostexpensive partof thedeconvolution algorithm,canbe
executedsomewhatfaster.

Iterations: We choosea valueof 25 here. Dependingon the data,usuallyat least10 iterationsare
required.With overrelaxationbeingenabled(seebelow), resultsusallydon't improve muchafter40
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Figure 6.5: Parametersfor blind deconvolution.
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iterations.

Initial estimate:Speci�estheinitial estimateof thedeconvolutionalgorithm.Sincethereis not much
noisepresentin the original alphalobeimagesit is safeto choseinput data here. This causesthe
algorithmto convergeevenfaster.

Overrelaxation:Overrelaxationis a techniqueto speedup theconvergenceof theiterativedeconvolu-
tion process.We enableoverrelaxationby chosingthe�xed toggle.

Method:We choseblind herein orderto selecttheblind deconvolutionalgorithm.

PSFParameters: For alphalobe.amthenumericalapertureis 0.5,thewavelengthis 0.58micrometers,
andtherefractive index is 1.33(water). Theseparametersarerequiredin orderto applycertaincon-
straintsto theestimatedpoint spreadfunction. They arealsousedin orderto computeaninitial PSF.
If a datasetwould beconnectedto theKernelport of thedeconvolution module,this datasetwould
beusedasthe inital PSFwith thegivenPSFparametersstill actingasconstraints.For example,you
couldprovideameasuredPSFandlet it be�tted to theactualdataby thedeconvolutionalgorithm.

Microscopicmode:alphalobe.amis awide�eld dataset,soselectthis optionhere.

Submitting a deconvolution job

After all parametershave beenentered,thedeconvolution processcanbestarted.On a moderncom-
puterblind deconvolutionof our testdatasetroughlytakesabout20 minutes.Especially, if you want
to deconvolvemultipledatasetsatonceit is inconvenientto dothisin aninteractivesession.Therefore
multipledeconvolutionjobscanbesubmittedto theamira job queueandthen,for example,processed
overnight. This worksasfollows:

� PresstheBatch Jobbuttonof theActionport. A dialogasshown in Figure6.6popsup.
� In the dialog choosea �le nameunderwhich you want to save the deconvolveddataset,e.g.

C:/Temp/alphalobe-deconv.am .
� Modify thetext �eld, sothatcheckpoint �les arewrittenafterevery5 iterations.

Checkpoint �les areusedto storeintermediateresults.With theabove settingsthedeconvolveddata
is written into a �le after every 5 iterations. Checkpoint �les arecalled like the �nal result,but a
consecutive numberis insertedjust beforethe �le namesuf�x. For example,if the result �le name
is C:/Temp/alphalobe-deconv.am thecheckpoint �les arecalledC:/Temp/alphalobe-
deconv-0005.am , C:/Temp/alphalobe-deconv-0010.am andso on. Now we areready
to actuallysubmitthebatchjob.

� PresstheSubmitbuttonof thedeconvolution dialog. After a few secondstheamira batchjob
dialogappears,compareFigure6.7.

� Selectthedeconvolution job andpresstheStartbutton.
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Figure6.6: Dialog for submittingadeconvolution job.

Figure6.7: Theamira job dialogshowing apendingdeconvolution job.

You now have to wait about20 minutesuntil the deconvolution job is �nished. Oncethe job queue
hasbeenstartedyou canquit amira. The batchjobs will be continuedautomatically. If amira is
still runningwhenthedeconvolution job exits thenthe resultwill be loadedautomaticallyin amira.
Otherwiseyouhaveto restartamira andloadthedeconvolveddatasetmanually.

6.5 BeadExtraction Tutorial

Non-blinddeconvolutionis apowerful androbustmethodfor enhancingthequalityof 3D microscopic
images.However, themethodrequiresthat the imageof thepoint spreadfunction(PSF)responsible
for imageblurring is provided. As statedin the standarddeconvolution tutorial, the PSFcaneither
becalculatedtheoreticallyor it canbeobtainedfrom a beadmeasurement.amira providesa special-
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purposemodulecalledBeadExtractwhichfacilitatestheextractionof PSFimagesfrom oneor multiple
beadmesurements.In this tutorial theuseof themoduleshallbeexplained.Thefollowing topicsare
covered:

1. Beadmeasurements
2. ProjectionView andProjectionView Cursor
3. Resamplingandaveragingthebeads

Beadmeasurements

ThePSFis the imageof a singlepoint sourcerecordedunderthesameconditionsastheactualspec-
imen. It canbe approximatedby the imageof a �uorescing sub-resolutionmicrosphere,a so-called
bead.Performinggoodbeadmeasurementsrequiressomepracticeandexpertise. In orderto obtain
goodresultsthefollowing hintsshouldbeobeyed:

1. Useapropriatebeads.It is importantthat thebeadsizeis smallerthanapproximately1=2 full
width at half maximum(FWHM) of the PSF. Good sourcesfor obtainingbeadssuitablefor
PSFmeasurementsare Molecular Probes(http://www.probes.com/ ) or Polysciences
(http://www.polysciences.com/ ).

2. Thebeadsmustbesolid. Besidessolid beadstherearealsobeadswith theshapeof a spherical
shell,allowing to checkthefocusplaneof amircoscope.Suchbeadscannotbeusedasasource
for PSFgenerationin thecurrentversionof amira.

3. Don't recordclustersof multiplebeads.Sometimesmultiplebeadsmaygluetogether, appearing
asasinglebig bright spot.ComputingaPSFfrom suchaspotobviously leadsto wrongresults.

4. Note that beadsarenot resistantto a variety of embeddingmedia. In particularbeadswill be
destroyed in xylenebasedembeddingmediasuchasPermount(FisherScienti�c) andmethyl
salicylate(frequentlyusedto clearup thetissue).As a substituteyou might useimmersionoil
insteadwhichhasa similar refractive index ase.g.methylsalicylate.

5. Sampleandbeadsshouldalwaysbeimagedascloseto thecoverslipaspossible.Whenit is not
possibleto attachthesampleto thecoverslip,thebeadsshouldalsobeimagedin a comparable
depth,embeddedin the samemountingmedium. Imagingthe beadswith betterquality than
thesamplewill yield a slightly blurreddeconvolution result. However, whenthePSFusedfor
deconvolution is toowide,artefactscanariseduringdeconvolution.
The objective lenseshouldalwaysbe selectedaccordingto the mountingmedium,i.e. if the
sampleis attachedto the slide andembeddedin a buffer of refractive index closeto water, a
severelossof imagequality canbeexpectedwhenusinganoil-immersionobjective without a
correctioncollar. Deconvolutionof properlyimageddatawill allwaysbesupperiorto deconvo-
lution of datasuffering from abberations.

6. Problemsoccur if the mountingmediumremainsliquid. In that casethe sampledistribution
may not be permanent.If your specimenis to be embeddedin wateryou cantry to immerse
thebeadsin anagarosegel of moderateconcentrationinstead.Attachingthesmallbeadsto the
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coverslip(for exampleby letting themdry) is oftenalsosuf�cient for immobilisation.

An exampleof an imagedatasetcontainingmultiple beadsis provided in the �le beads.amin the
directoryAmira-3.0/data/deconv.

� Loadthedatasetbeads.am.
� Visualizethedatausinga ProjectionView module.

Projection View and Projection View Cursor

Thebeaddatasetcontains� vedifferentbeadswhichcanbeclearlyseenin thethreeorthogonalplanes
of theProjectionView module. In orderto obtaina singlePSFwe �rst want to selectseveral “good”
beads. Thesebeadsare then resampledand averaged,thus yielding the �nal PSF. A beadcan be
consideredas“good” if it is clearly visible andif it is not superimposedby otherbeads(evenwhen
defocused),

Selecting“good” beadsis aninteractiveprocess.It is mosteasilyaccomplishedusingtheProjection-
View's Cursormodule. This moduleallows you to selecta point in 3D spaceby clicking on oneof
the threeplanesof the ProjectionView module. The third coordinateis automaticallysetby looking
for the voxel with the highestintensity. Pointsselectedwith the Cursor modulecanbe storedin a
LandmarkSetdataobject.

� Attacha Cursormoduleto theProjectionView module.
� Click onany beadononeof thethreeplanes.
� Storethecurrentcursorpositionin a LandmarkSetobjectby pressingtheAddbutton.
� Selectandaddsomeotherbeadstoo.

The landmarksneednot to be locatedexactly at thecenterof a bead.Theexactcenterpositionscan
be�tted automaticallylateron.

You canremove incorrectbeadpositionsfrom the landmarksetby invoking the landmarkseteditor.
In orderto activatetheeditorselectthelandmarksetobjectandpressthegreenbuttonwith thedisk-
shapedsymbol.If you wantto addadditionalbeadpositionsto anexisting landmarksetobject,make
surethat themasterport of the landmarksetobjectis connectedto theCursor module.Otherwise,a
new landmarksetobjectwill becreated.

Resamplingand averaging the beads

Now we arereadyto extractandaveragetheindividual beads.This is doneby meansof theBeadEx-
tractmodule.

� ConnectaBeadExtractmoduleto theLandmarksobject.
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Figure6.8: Individual beadscanbeinteractively identi®edusingaCursor module.
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� Make sure,that the Data port of BeadExtract is connectedto the beaddatasetbeads.am. If
the landmarksarestill connectedto thebeadsvia theCursor andProjectionView modules,the
connectionis establishedautomatically.

TheBeadExtract moduleprovidestwo buttonscalledAdjustcenters andEstimatesize, which should
beinvokedin a preprocessingstepbeforethebeadsareactuallyextracted.

The�rst button(Adjustcenters) modi�es the landmarkpositionssothat they arepreciselylocatedin
thecenterof gravity of theindividualbeads.

The secondbutton (Estimatesize) computesan estimatefor thenumberof voxelsof thePSFimage
to be generated.This button is only active if no PSFimageis connectedasa result to BeadExtract.
If thereis a resultobject,the resolutionandvoxel sizesof the resultareusedandthe port becomes
insensitive.

Any of theactionsof thetwo preprocessingbuttonscanbeundoneusingtheUndobutton.Thiscanbe
necessaryfor exampleif two beadsaretooclosesothatnocorrectcenterpositioncouldbecomputed.
In general,overlapsbetweenneighbouringbeadsshouldbeavoided.Smalloverlapsmightbetolerated
becauseduringresamplingintensitiesareweightedaccordingto thein�uence of surroundingbeads.

� PerformthepreprocessingstepsAdjustcentersandEstimatesize.
� Computea resampledandaveragedPSFby pressingtheExtractbeadsbutton.

Thedatatypeof theresultingPSFwill be �oat , irrespective of thedatatypeof the input image.The
individual beadswill be weightedon a per-voxel basisand addedto the result. No normalization
will beperformedafterwards.You mayinvestigatetheresultingPSFimageusingany of thestandard
visualizationmodules.In Figure6.10a volumerenderingof theresultingPSFis shown.

In somecasesyou maywantto averagemultiple beadsrecordedin differentinput datasets.This can
beeasilyachievedby creatinga Landmarksobjectfor eachinput dataset. For the �rst input dataset
extract the beadsasdescribedabove. For the other input datasetalsousethe BeadExtract module.
However, make surethatthePSFobtainedfrom the�rst input datasetis connectedasa resultobject
to BeadExtract beforepressingthe DoIt button. In order to usean existing PSFasa result object
connectthe Masterport of the PSFto BeadExtract (oncethis is donethe ResolutionandVoxel size
portsof BeadExtract becomeinsensitive, seeabove). If an existing result is usednew beadssimply
will beaddedinto theexisting dataset. Thereforedatasetsshouldbescaledin intensityaccordingto
their quality prior to beadextractionandsummationto obtaina suitableweightingof the individual
extractedbeadsin the�nal result.

6.6 Performanceissuesand multi-pr ocessing

Iterative maximum-likelihooddeconvolution essentiallyis the mostpowerful andmost robust tech-
niquefor therestorationof 3D opticalsections.However, it is alsocomputationallyvery demanding.
It cantake several minutes(sometimeeven hours)to processlarge 3D datasets. This is not duean
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Figure 6.9: TheBeadExtract moduleresamplesandaveragesmultiplebeads.
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Figure 6.10: The®nal PSFvisualizedusinga Voltex module.
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improperimplementationbut dueto thealgorithmitself. Both, theblind andthenon-blindvariantof
themethod,rely heavily onfastFourier-transformsin orderto ef�ciently computeconvolutions.If you
wantto improveperformance,try to adjustthesizeof yourdatavolumessothatthenumberof voxels
plustheborderwidth is a powerof two. Sometimes,it is worth to enlargetheborderwidth a little bit
in orderto getapowerof two. Althoughthealgorithmworkswith dataof any size,powersof two can
betransformedsomewhatfaster.

Anotherissueis memoryconsumption.Internally, severalcopiesof thedatasetneedto beallocated
by thedeconvolutionalgorithm. Thesecopiesshouldall �t into memoryat thesametime (a speci�c
variantof thealgorithmsuitablefor working underlow memoryconditionswill beprovidedin a later
version). Besidesthe input dataitself the following numberof working arraysare requiredby the
differentmethods:

� 3 working arraysfor thenon-blindalgorithmwith noor with �x edoverrelaxation
� 5 working arraysfor thenon-blindalgorithmwith optimizedoverrelaxation
� 5 working arraysfor theblind algorithm

The numberof voxels of a working array is the productof the numberof voxels of the input data
setplus theborderwith alongeachspatialdimension.Theprimitive datatypeof a working arrayis
a 4-byte�oating point number. For example,if the numberof voxels of the input datasetplus the
borderwidth is 256x 256x 256(asfor thealphalobe.amdatasetin theblind deconvolutiontutorial),
eachworking arraywill beabout64 MB, irrespective of theprimitive datatypeof the input dataset.
Thereforeat least192 MB (3x4x256x256x256 bytes)arerequiredfor non-blinddeconvolution with
�x ed overrelaxation,and320 MB (5x4x256x256x256 bytes)for blind deconvolution. Keepthis in
mind whencon�guring thecomputeronwhich to performdeconvolution! However, alsonotethatfor
mostplatformsit usuallydoesn't make senseto have morethan1.5 GB of mainmemory. For more
memorya 64-bit operatingsystemis required.On a Windows PC,it is stronglyrecommendednot to
useWindows98or WindowsME if you havemorethan512MB of mainmemory.

Finally, it shouldbe mentionedthat the deconvolution algorithmcanmake useof a multi-processor
CPU board. Although you do not get twice the performanceon a dual-processorPC,a speed-upof
almost1.5 can be achieved. On default, amira usesas many processorsas thereare on the com-
puter. If for somereasonyou want to use less processorsyou can set the environmentvariable
AMIRA DECONVNUMTHREADSto the numberof processorsyou actuallywant to usesimultane-
ously.
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Chapter 7

Module Reference

7.1 BeadExtract

This moduleis partof theAmira deconvolution package.It canbeusedto resampleandaveragethe
imageof oneor multiple beads,i.e., �uorescing sub-resolutionmicrospheres,therebyobtainingan
approximationof a pointspreadfunction(PSF)requiredfor non-blinddeconvolution.

The modulemust be connectedto the imagedataset containingthe measuredbeadsas well as to
a landmarksetindicatingthecenterpositionsof all beadsto beresampledandaveraged.Thewhole
processof obtainingapointspreadfunctionfrom abeadmeasurementis describedin aseparatetutorial
onbeadextraction. Pleasereferto this tutorial for moreinformationonhow to usethemodule.

Connections

Data [required]

Connectionto auniform imagedatasetcontainingmeasuredbeads.

Landmarks [required]

Connectionto a landmarkset indicating the centerpositionsof the beadsto be resampledand
averaged.

Ports

Inf o

Displaysthenumberof beadsto beresampledandaveraged.



Resolution

Speci�esthenumberof voxelsof the�nal PSFimageto begenerated.If a PSFimageis connected
asaresultobjectto thismodule,theportbecomesinsensitiveandthenumberof voxelsof theresult
objectareused.

Voxelsize[um]

Speci�esthevoxel sizeof the �nal PSFimageto begeneratedin micrometers.If a PSFimageis
connectedasa resultto this module,theport becomesinsensitive andthevoxel sizeof the result
objectis used.

Preprocess

Adjustcenters: If this button is pressedthe landmarkpositionsof the datasetconnectedto port
Landmarksareshiftedto the centerof gravitiy of the correspondingbead. It is requiredthat the
initial landmarkpositionsareinsidethe beadimagesandthat neighbouringbeadsdo not overlap
signi�cantly. Otherwiseincorrectcenterpositionsmaybecomputed.

Estimatesize:If thisbuttonis pressedthedesirednumberof 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 Estimatesizebutton becomesinsensitive if a resultobject is connectedto the
module.In thiscasealwaysthesizeof theexistingPSFimagewill beused.

Undo: Undostheeffectof any of theprevioustwo buttons.For example,if wrongcenterpositions
have beencomputedafterpressingAdjustcenters, theoriginal landmarkpositionscanberestored
usingtheUndobutton.

Action

Actually extractsthe beadswith the centerof the resultingdatasetcorrespondingto the current
positionsof the landmarks.The imagevolumearoundevery landmarkis extractedandresampled
usingaLanczos�lter (comparetheResamplemodule).Theresampledbeadimagesarethenadded
to theresultobject.The�nal PSFis notnormalized.

7.2 Convolution

This moduleconvolves two uniform 3D dataobjectswith eachother by Fourier transformingthe
two inputs,multiplying them,and then transformingthemback. The moduleis part of the Amira
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deconvolutionpackage. It canbeusedfor exampleto verify theresultsof imagedeconvolution.

Theboundingbox andvoxel sizesof theinput datasetandtheconvolutionkernelareignoredby this
module.UsetheResamplemoduleto makesurethattheresolutionof bothinputsis identical.

Connections

Data [required]

Thedatasetto beconvolved.

Kernel [required]

Theconvolutionkernel.

Ports

Border width

De�nes thesizeof theborderregion. A borderregion is necessaryif theinputdatasetdoesn't fade
out to blackat theboundaries.

Options

If normalizekernelis selected,theintegralof theconvolutionkernel(connectedto portKernel) will
benormalizedto one. If this is not thecasethe intensitiesof theconvolveddatasetwill bescaled
by theactualintegral.

If applynoiseis selected,thevaluesof theconvolveddatasetwill bemultipliedby randomnumbers
uniformly distributedaround1 (whitenoise).

Noiselevel

This port will only be shown if the apply noiseoption of the Optionsport hasbeenselected.It
speci�estheamountof noiseappliedto theoutput,i.e., therangeof therandomnumbersaround1,
by which theresultis multiplied.

Action

Actually convolvestheinputdatasets.
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7.3 Corr ectZDrop

Thismoduleletsyou �x artifactsin 3D microscopicimagescausedby light absorptionin otherslices.
If suchartifactsarepresent,theaverageintensityin lowerslicesseemsto bedecreased.Thisso-called
z-drop or intensityattenuationcanbe correctedautomaticallyby �tting an exponentialcurve to the
averageintensitiesin eachslices,or manuallyby providing a user-de�ned formula.

Connections

Data [required]

Theimagedataexhibiting az-dropartifact.Scalar�eld with uniformor stackedcoordinatesaswell
asmulti-channel®eldsaresupported.

Ports

Mode

Letsyouselectbetweenautomaticmodeandmanualmode.

Expression

This port is only available if manualmodehasbeenselected.It providesa text �eld whereyou
canentera formulaspecifyinga factorusedto multiply the intensityvaluesin eachslice. Within
the formula the variableu speci�es the slices. u will take the value0 for the �rst slice and1 for
the last slice. For theotherslicesit takesintermediatevaluesdependingon the actualslice loca-
tion (this makessupportof stacked coordinateseasy). In automaticemodethe following formula
a*exp(b*u) will beused,wherea andb are�tted automatically. If you �rst performan auto-
matic z-dropcorrectionandthenswitch to manualmode,the �tted expontialwill bedisplayedin
theport's text �eld.

Action

Startsz-dropcorrection.

7.4 DataPreprocess

This moduleis partof theAmira deconvolution package. It canbeusedto applybotha background
anda �at�eld correctionto a raw 3D imagestack.

For thebackgroundcorrectionasinglebackgroundimagehasto beprovidedat thebackgroundportof
themodule.Thebackgroundimageshouldbeanearlyblackimagerecordedwith thecamera'sshutter

130 Chapter7: ModuleReference



closed. This imageis subtractedfrom all slicesof the3D input dataset,thuscompensatingfor any
darkcurrentof thecamera'sCCDdetector.

For the�at�eld correctionasingle�at�eld imagehasto beprovidedat the�at�eld portof themodule.
The�at�eld imageshouldbeanunfocusedalmostwhite imagetakenfrom a dropof homogeneously
�uorescing dye. The intensitiesof the 3D input imagearethenscaledaccordingto the normalized
intensitiesof the�at�eld images.Theinput imagegetsbrighteratpixelswherethe�at�eld is darkand
vice versa.In this way non-uniformsensitivity of thecamera'sCCD detectoris compensated.If both
a �at�eld anda backgroundimagearepresent,thebackgroundis subtractedfrom the�at�eld too.

Connections

Data [required]

The raw 3D imagestackto be corrected. Any regular scalar�eld with uniform coordinatesis
supported.

Background [optional]

An optional2D backgroundimagewith thesamenumberof voxelsin x andy directionasthe3D
input image.If aninput is presentat thisport a backgroundcorrectionis performed(seeabove).

Flat�eld [optional]

An optional2D �at�eld imagewith the samenumberof voxels in x andy directionasthe input
image.In aninput is presentat this porta �at�eld correctionis performed(seeabove).

Ports

Background

Displaysthemeanvalueandthestandarddeviation of thebackgroundimage,if suchan imageis
present.Only the�rst sliceis considered.

Flat�eld

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

Action

Startsthecomputationsandproducesa correctedoutputdataset.
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7.5 Deconvolution

This module is the front-end for deconvolving 3D microscopicimages. Two different iterative
maximum-likelihoodimagerestorationalgorithmsareprovided,a non-blindoneanda blind one.For
ageneraldescriptionof thedeconvolutionprocesspleasereferto thetutorialsprovidedwith theAmira
deconvolutionpackage.

The resultingdeconvolveddatasetwill be storedin the objectpool. If no input PSFis speci�ed or
if the blind deconvolution algorithmhasbeenselected,alsothe estimatedPSFwill be storedin the
objectpool.

Connections

Data [required]

Thedatasetto bedeconvolved.

Kernel [optional]

Thepointspreadfunction(PSF)to usedfor deconvolution. If noPSFis speci�ed,anestimatedPSF
is calculatedautomaticallybasedon thenumericalapertureof themicroscope,thewavelengthof
theemittedlight, andtherefractiveindex. If ablind deconvolutionis to beperformed,aninputPSF
(if connected)will beusedasaninitial estimate.

Ports

Border width

De�nes thesizeof theborderregion. A borderregion is necessaryif theinputdatasetdoesn't fade
out to blackat theboundaries.For performancereasonsit might advisableto choosevaluessuch
that the sumof the sizeof 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 sometimesadvisableto havetheborderwidth in z directionexactlyas
largeasthedatasetitself. If this is thecase,theborderregion will be initialized by mirroring the
valuesfrom theactualdatavolume.Otherwise,thevaluesof the�rst sliceandof thelastslicewill
beinterpolatedlinearly.

Iterations

Speci�esthenumberof iterationsof thedeconvolutionprocedure.

Initial estimate
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Speci�estheinitial estimateof thedeconvolutionalgorithm.If constis chosena constantimageis
usedinitially. Often, this yieldssmootherresultsthanthesecondoption,namelyinput data. The
third option (previousresult) is only availableif the input datasethasalreadybeendeconvolved
previously. Usethis optionif you wantto applysomeadditionaldeconvolutioniterations.

Overrelaxation

Overrelaxationis a techniqueto speedup the convergenceof the iterative deconvolution process.
In mostcases�xed overrelaxtionis a goodchoice.For non-blinddeconvolution alsoanoptimized
overrelaxationtechniqueis available. This methodfurther acceleratesconvergencebut is more
memoryandtimeconsuming.

Method

Thisport speci�eswhetherstandard(non-blind)or blind deconvolutionshouldbeused.

PSFParameters

Parametersfor calculatingthepointspreadfunction.Thisportwill only beshown if standard(non-
blind) deconvolution hasbeenselectedandno input PSFwasspeci�ed, or if blind deconvolution
hasbeenselected,in whichcasetheseparametersactasconstraints.

NA denotesthenumericalapertureof themicroscope.lambdadenotesthewavelengthof theemitted
light in micrometerswith thevoxel sizesalsobeinginterpretedin micrometers.Finally, n denotes
therefractive index of thespecimen.

Micr oscopicMode

Selectswhethertheinputimagehasbeenrecordedusingawide�eld microscopeor usingaconfocal
microscope.This is importantfor the PSFgenerationaswell asfor the selectionof appropriate
constraintsduringblind deconvolution.

Action

TheDoIt buttonactuallystartsthedeconvolutionprocess.Sincedeconvolutionis a timeconsuming
operation,it optionally canbe performedasa batchjob. A batchjob canbe submittedusingthe
Batch job button. If this button is pressed,�rst a dialog is poppedup allowing you to specify
the �lename of the �nal deconvolveddatasetaswell asthe numberof optionalcheckpoint �les
(compareFigure6.6). A checkpoint storesan intermediateresultobtainedaftera certainnumber
of iterationshavebeenperformed.Theactualdeconvolutionjob is startedvia theAmira job dialog.
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Thejob dialogis poppedupautomaticallyafterthejob hasbeen�nally submitted,but thismaytake
a few secondsif 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
transformcanbecomputed.

The origin of the input datasetwill be ignoredby this module. Also, insteadof beingexpressedin
wavenumberstheboundingboxof aFouriertransfomeddatasetwill bethesameastheboundingbox
of theinput.

Connections
Data [required]
Theinputdatato beFouriertransformed.

Ports

Mode

Optionmenuspecifyingtheactionto beperformed.

If arealscalar�eld is connectedto themodule,threeoptionsareavailable,namelyforward, forward
complex, andpowerspectrum. If forward is selected,theoutputis storedin aspecialso-calledhalf-
complex format. Suchan outputcanbe back-transformed,but not many otheroperationscanbe
performedon it. If forward complex is selected,the outputwill be a complex-valuedscalar�eld
with the samenumberof voxels as the input object. Finally, if power-spectrumis selected,the
outputis a real-valuedscalar�eld with the samenumberof voxelsasthe input objectcontaining
thesquaredmagnitudeof theFouriertransform.

If a complex scalar�eld in half-complex formatis connected,theonly optionis backward, indicat-
ing a backwardFourier-transform.

If anordinarycomplex scalar�eld is connectedto themodule,thethreeoptionsforward, backward,
andpowerspectrumareavailable. The �rst two optionsspeci�y a forwardandbackwardFourier
transform,respectively. Theouputis acomplex scalar�eld with thesameresolutionastheinput. If
power-spectrumis selected,theoutputis a real-valuedscalar�eld with thesamenumberof voxels
astheinput objectcontainingthesquaredmagnitudeof theFouriertransform.

Action

Startsthecomputation.
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7.7 PSFGen

Thismodulecanbeusedto computeapointspreadfunction(PSF)for deconvolutionof wide�eld and
confocalmicroscopicimagedata. PSFcomputationis basedon electromagneticvectortheory. The
moduleis part of the Amira deconvolution package. It canbe createdby selectingit from the Edit
Createmenuof theAmira mainwindow.

Connections

Data [optional]

A uniformscalar�eld (usuallytheimagedatato bedeconvolved)canbeconnectedto thisport. The
valuesof theResolutionandVoxelsizeportswill besetautomaticallyto thevaluesof theinput �eld
then.

Ports

Resolution

Thenumberof voxelsof thePSFimageto begenerated.

Voxelsize[um]

Thevoxel sizein micronsof thePSFimageto begenerated.

PSFParameters

Parametersfor calculatingthe point spreadfunction. NA denotesthe numericalapertureof the
microscope.lambdadenotesthewavelength(asmeasuredin vacuum)of the emittedlight in mi-
crometers.For confocaldatatheexcitationandemissionwavelengthareassumedto beidentical.In
thiscaseit mightproveusefulto compensateby supplyingavaluebetweenexcitationandemission
wavelenghtasparameter. Finally, n denotestherefractive index of thespecimen.

Micr oscopicMode

SelectswhetherthePSFof awide�eld microscopeor of aconfocalmicroscopeshouldbecomputed.

Action

Actually computesthePSF.
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Chapter 8

Examples

Example1: ConfocalData

The original dataset is provided underAmira-3.0/data/deconv/polytrichum.am. The imagesbelow
werecreatedusingtheProjectionView module.

Thepropertiesof thedatasetareasfollows:

� Numericalaperture1.4
� Wavelengthof theemittedlight 0.58micrometers
� Refractive index 1.516(oil)

Example2: Wide®eld Data

Theoriginal datasetis providedunderAmira-3.0/data/deconv/alphalobe.am. Theimagesbelow were
createdusingtheProjectionView module.

Thepropertiesof thedatasetareasfollows:

� Numericalaperture0.5
� Wavelengthof theemittedlight 0.58micrometers
� Refractive index 1.33(water)



Figure 8.1: polytrichum.ambeforedeconvolution.
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Figure 8.2: polytrichum.amafterdeconvolution.
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Figure8.3: XY-maximumintensityprojectionof alphalobe.ambeforedeconvolution.
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Figure8.4: XY-maximumintensityprojectionof alphalobe.amafterdeconvolution.

141


