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Storytelling software helps scientists
make connections

By Susan Trulove

We areall familiar with searchenginesthatprovidea list of hits based
uponthetermswe enter.Researchersn computerscienceandbiochemistry
at Virginia Techaredevelopinga searchcapabilitythatthey call Storytelling
to discoverconnectiondetweeninformationthatappearsat the onset,
dissimilar. The algorithmdetectsa sequencef relatedeventsor relationships

to createa chainof conceptsetweenspecifiedstartandendpoints.

Imagine,for instanceaskingfor a connectionbetweernthe U.S. senators
from Virginia andthe castof the TV seriesOFriends.Dheseconceptsseem
unconnectedecausao U.S. senatorfrom Virginia hasactedin OFriends,O
saysNaren Ramakrishnan, associaterofessorof computerscience Obutve

would like to think of intermediateconceptghatwould help bridgethe gap.O

He outlinesonepossibleOstory@sfollows: OU.Ssenatordrom VirginiaO

overlapwith OFilmmakersvho specializein wartimestories,Qvhich include
OPeoplavho havewon multiple PeopleO8hoiceawards@ndare connected
to OCasbf OFriends.00

The overlapbetweenrthe first two conceptds the junior senatorfrom
Virginia, Jim Webb,who hasproducedsuchmoviesasORule®f
Engagement.®he overlapbetweenthe secondandthird conceptancludes
suchfilmmakersasRob Reiner,who hasdirected for instance OAFew Good
Men,Gandalsohaswon manyawardsfor his work. The overlapsbetweerthe
lasttwo conceptdnclude OFriends@astmemberssuchas JenniferAniston.
OThisexampleis a manuallyconstructedstory. The goal of the Storytelling
projectat Virginia Techis to automatethe discoveryof suchsequencesf

logical connections,8aysRamakrishnan.

OStorytellinganbe viewedasa carefully arguedprocessof removing
andaddingparticipantsnot unlike a real story,Che says.OKnowingexactly
which objectsmustbe displacedandin whatorder,helpsexposethe

mechanicof complexrelationships.O

Storytellinghasnot beenusedto exposethe connectiorbetweena senator

anda sitcom,but ratherto find connectionsvhenappliedto the most
challengingtasksbbeginningwith discoveringhiddenrelationshipsn the
biological literature.

Ramakrishnanvorks with life scientiststo createsoftwarefor data

(1) VirginiaTech

Deept Kumar, Naren
Ramakrishnan , and
Joseph Gresock
demonstrate their
StoryGrapher interface
that helps organize
multiple runs of
Storytelling and
visualize how storylines
merge. Photo by John
McCormick. View the
complete photo ata
larger size.

Kumar developed a
ranking mechanism that
determines which
Oleads@ follow in
constructing a story
and implemented it on
System X, the 1100
node Apple Xserve
supercomputer at
Virginia Tech. Photo by
John McCormick.
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mining andinformationanalysis.The aimis to helpresearchermake
connectionsn the complex,burgeoningworld of scientific discovery.OEvery
day, thereare new researctresultsreportedin the literatureandthereare

discoveriego be madeby exploringconnections,@e says.

OOumindscannotcorrelateall availabledatasetfficiently andwith
any high degreeof confidencewithout the aid of bioinformaticstools,Gsays
RichardHelm, associaterofessonf biochemistry OAttemptingo find
significantconnectionsvithin the oceanof onlineinformationis daunting.For
instancea biologistdesiringto stayabreasof literatureon the buddingyeast
Saccharomyceserevisiaemustmonitor yeast-specifigournals(e.g., Yeas},
generalmicrobiologyjournals(e.g.,EukaryoticCell), Omethodsjdurnals
(e.g.,Nature Method$, andevenclinical anddisease-orientefburnals(e.g.,
CancerResearch Therewould be publishedexperimentsn eachof these
venueghatlook at particularsubset®f a biological processThe Storytelling
algorithmhelpsconnectpublicationsby recognizingoverlapsin content
acrosgshemanddrawingthemtogetherinto a storyline.Evaluationof these
storiescanprovidehypotheseshat canbe tested potentiallyresultingin new
insightsinto therole of a particularmoleculareventin the processyou are

interestedn.O

Helm andcolleagueMalcolm Pottsare studyingthe processesand
strategiesisedby organismdo enterinto andexit from a stateof reduced
metabolicactivity, suchasdormancyor suspende@dnimation.A good
exampleof an organismin Odeesleep(s the commercialdry activeyeast
thatcanbe purchasedn your local supermarketUpon the additionof warm
wateranda bit of sugar,the microbesspringbackto life andbeginnormal
metabolicprocessesOUncoveringhe processeshat allow organismso enter
andexit from metabolicarrestcanpotentiallyleadto the developmenbf
robustmammaliancellbasediosensordor detectionof pathogensaswell as
providethe ability to storecells, cell componentsandvaccineswithout

relianceuponlow temperaturestorage, @aysHelm.

OHumareells alsoexhibit statesof metabolicarrest termedquiescence
andsenescencaVhile both of thesestateshavesimilar propertiescells
enteringinto quiescenceanexit the arrestedstateand enterinto normalcell
function. Senescentells, however,are permanentlyarrestedand cannot
proliferate,(Helm says.Oltis presentlythoughtthatthe senescencprogram
is a tumor suppressomechanismExplorationof the differencesbetween
quiescencandsenescenceanprovideinsightsinto agingprocesseaswell

as cancermechanisms.O

To understandherole playedby the Storytellingalgorithm,considerthe
stressesmposedon yeastwhile undergoingdesiccatiorandrehydration.The
changesn cell volumeasa resultof the stresswill causevariationsin
concentration®f moleculeswithin the cells,andthe cellswill eventually

becomestarvedasnutrientswill not beableto betakenup. Crowdingof
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Stories are mined by
the Storytelling
algorithm from input
documents to an output
document. View the
complete photo and a
more detailed caption.

Helm and laboratory
specialist Tata Wiles is
review datasets that
contain information on
OmasterregulatorO
proteins that control
gene expression. Photo
by Josh Armstrong.
View the complete
photo and a more
detailed caption.

When you ask a
supercomputer
to tell a story,
you might not
expect a
creative
outcome. But a
group of
Virginia Tech
researchers
are using
System X, the
universityOs
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moleculescanleadto disruptionof the cellularorganizationpresenin active supercomputer,
cells. Sucha reorganizatiomeedso be coordinatedso that exit from a dried to test a new
statewill returnthecell to afully functionalstate.Evaporatiorieadsto search
temperaturestressesluring the drying processandrehydrationcan affect program that
cell membranessthey becomerehydrated Membranereorganization can make
processess onekey aspecbf yeastsurvival andis the reasonwhy oneis connections
directedto addwarm water,ratherthancold, to commercialactivedry yeast. that tell the
Clearly the processesf desiccatiorandrehydrationinvolve many stories of life.

variablesactingat once.But laboratory-basethvestigationgequire
minimizing variablesin orderto makeconclusivestatementsboutcell

behavior.

OHowcanonedevelopa coherentunderstandingf the processwhenthe
publishedliteratureis baseduponsinglevariablestressessuchastemperature
shock,starvation,or chemicalstresst wasour needto look at a wide variety
of stresseandapply themto yeastdesiccatiorandrehydrationthatgavebirth

to the Storytelling algorithm,O says Helm.

Theteamusedan early versionof Storytellingto explorearticle abstracts
from the U.S. NationalLibrary of Medicine PubMeddatabaseAbstractsare
shortsummarief articlesthat do not haveagreed-uporcodeor

nomenclatureSentenceand paragraphgresenthoughtsfrom different
peopleusingdifferent phrasesandjargon,andwho are not evennecessarily
thinking aboutthe sameproblems Theinputto Storytellingtook theform of
abstractof 140,000publicationsaboutyeast,which weremodeledassetsof
termsfrom the abstractsThe researcherthenaskedthe Storytellingprogram
to discoverthe relationshipbetweena paperthat describegeneexpression
changegiuring desiccatiorandrehydrationand otherpapersin the abstract

databaselt wasdiscoveredhat processefvolving manipulationof sulfur

compoundsverecentralto survival. This newfinding waspublishedin the

journal Appliedand EnvironmentaMicrobiology. Helm

Thisinitial phaseof Storytelling,drivenby computersciencePh.D.
studentDeeptKumar , wasbasedon modelingcontentsimilarity between
abstractsKumar developeda rankingmechanisnthatdeterminesvhich
Oleads® follow in constructinga story andimplementedt on SystemX, the
1100-nodeApple Xservesupercomputeat Virginia Tech. EachOnode®
the supercomputeis taskedwith creatinga potentialsetof connectionsand
the nodesexchangeanformationamongthemselvego link papersand
formulatethe story. OKumarGmplementatiorprocessesiundredsof
thousand®f papersandcanwork with up to 200 nodessimultaneously,®ays

Ramakrishnan.

The projectOsewestmember,computersciencemasterOdegreestudent
JosephGresock generalizedhe algorithmto supportthe taskof modeling

cross-talkin the signalingnetworksbetweercells.
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Helm likens cross-talkto anindividual makinga decisionafter garnering
input from severaldifferentpeople,all of whom haddifferentthingsto say.
Olncells, cross-talkis all too prevalentand caninfluencehow they receive
andrespondo signals.A cell canbe subjectedo lots of stimuli, andit will
respondo agivenstimulusin a certainway. Givenadifferentstimulus,it
might respondn a completelydifferentway or in a way thatsharessome
overlapwith someotherstimulus.Crosstalkcanhappernwhenthe pathways
thatcarry signalsfrom one stimulusmeetanothempathwaythat usually carries
signals from another stimulus. Biologists would like to be able to follow, or

model,thesecomplexinteractions,@aysHelm.

In investigatingmolecularmechanismsinderlyingorganismaging,Helm
andcolleaguesonducteda laboratoryexperimenthat demonstratedhat
addingthevitamin B compounchicotinamideto the growth mediumof

primary humanfibroblastsextendedhe lifespanof the connectivetissuecell.

To understandvhatotherstimulusmight causesimilar or relatedresults,
Helm usedStorytellingto seeif thereis any cross-talkgoingon. OThegoalis
to usethe softwareto generatea hypothesighatwe cantestexperimentallyto
understandhis lifespanextensiorat the molecularlevel,OsaysHelm. OWe
areaskingStorytellingto elucidaterelationshipsbetweencellularinputs,such
asnicotinamide andoutputs,or cell fate decisionssuchaslifespan

extension.O

OWemodelcross-talkby creatinglots andlots of storiesandseeingif
thesestoriescrosseachother,saysRamakrishnanin this approach,
repeatedunsof Storytellingareorganizedfrom abstractsliscussinga given
setof Qinput@noleculego abstractsliscussingutputmoleculegsuchas
poly-ADP ribose).The numerousstoriesdiscoveredn this mannerarethen
summarizedo identify Onovellas,@hich arerepeatedfrequentlyre-used
templateof connectionsGresockdevelopedhe StoryGrapheranintuitive
visualinterfaceto organizesuchmultiple runsof Storytellingandinteractively
navigatetheresults.This work providesfurtherinsightinto how signaling

cascadeinteract.HelmOgroupis exploringseveralconnectionsasa result.

OTheholy grail of applyingcomputingto biology is to understand
particularorganismor processat a higherlevel thanwe areusedto
considering,@aysHelm. OStorytellings animportantnewtool in this

endeavor.O
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