Design of Integrated Translational Bioinformatics Systems

Barbara Mirel, DArts’; Benjamin J. Keller, PhD'-¢; Mor Peleg, PhD3°; Xiangqin Cui, PhD?; Russ Altman, MD, PhD? University of Haifa Stanford

"University of Michigan, Ann Arbor, Ml <Eastern Michigan University, Yosiant, M, SUniversity of Haifa, Haifa, Israel; “University of Alabama Birmingham, Birmingham, AL, *Stanford Univeristy, Stanford, CA School of Medicine

Abstract
Bioinformatics tools built for isolated tasks do not adequately support translational researchers’ analytical User Model Matching Requirements to the User Model Mapping the Interface/Information Flow
needs for hypothesis formulation. We address the design of integrated Syzfems l‘Ol SUPPO'TfeXP/OfaTOW ® Representation of scientists’ ways of knowing and reasoning: e The user studies provide a basis for deriving a set of requirements based on the types of ¢ Relating the user model to existing NCIBI tools, we were able to map the conceptual design
translational research. We examine user cognition and analysis patterns, their implications for system Y . . . . : SR - : : -
‘ iInformation inspected and tasks performed space in terms of the flow of information across interfaces
requirements, statistics to support user decision making, and biological knowledge representations for causal > Scientists iteratively integrate 3 modes of reasoning . _ P P P _ .
analysis. > They Continu0u3|y intermix creative exp]oration and rigorous validation ¢ Basic requirements relate to need to support ® Expect interface-flow to take the form dlagrammed below
> They require coherent transitions between ways of knowing to succeed » All three kinds of reasoning e Newer NCIBI web pages reflect some deSign based on observations
Introduction e Allows for arbitrary transitions between kinds of reasoning with explicit verification after » Ability to verify outcomes from queries and previous stages
- | | | each transition, and validation at any point » Ability to validate current information, and
¢ Bioinformatics tools are generally developed to perform an isolated task without full  Different approaches to moving among types of reasoning and verification/validation
understanding of how a translational researcher would apply the tool in the context of their Do activities
work thing, /See L . .
o , She, 14, ¢ \Within modes of reasoning requirements are more complex
e Efforts to build integrated systems of tools at NCIBI make it necessary to understand how O, o O, oF le- Framind requirements for scientists’ different tvbes of classification reasonin o
users approach their research and how they try to employ these tools ‘ Query Confirm So xample. Framing requirements ToF SCISNTStS difle yp meat ng
. . . . S NEN during the Separating the Wheat from Chaff stage
e Observations of users of integrated tools at NCIBI are helping develop understanding of (-\\o S . Mechanisms for identifvin
requirements for integrated systems of bioinformatics tools & G cOPe. | eenanis _S Or 1dentiy! g o S | |
. . . . . . . o —_
e This effort meshes with ongoing work on biological modeling exempilified by the éz /\\ X «y\%} ] ﬁrcirp;ngit% vtarlous forms of similarity — distinguishing between sharing of single versus q
BioWorkflow project o MY & = Z HIHIPIE atributes o | | | |
bt Q f 7, ’{, ¢ Patterns: temporal, localization, regulation, compatible annotation, graph theoretic
S :’ ,? t < O 3 e Subsystems: internal structures, relationships, normal vs abnormal behavior SHEAOH
ory eparatin Z R & . L . . . . . . .
User Observations and Interviews f < é:: Building Whr;at froi - o » Visualizations of multiple relationships crossing biological scale and attributes — e.g., a Sl _—
= wn iNn- Tal ' ' ' ' ocabulary
e Methodology = — % Chaff > = protein-protein interaction network painted by GO Biological Process Sl
i : - : : ) Q TR : : : . £ :
Method- Field observations and interviews over time g 3 > U.ser contr.ols for s§lect|ng, aggregating and abs’Fractlng selections; filtering
Sample: 15 biomedical researchers Vental Qe » Display of mfor.matlon that allows the user to verify query results based on personal
| | | o , , knowledge or literature provenance |
Unit of Analysis: Software-supported problem solving session aimed at formulating an Modeling q
hypothesis about disease mechanisms /
Data Collection: Think-alouds, task duration, actions, outcomes, impasses, goals,
intentions, reasoning, judgments Form- Conceptual/
) o _ _ based Physical
Data Analysis: Qualitative uncovering of patterns related to stages, tasks, behaviors, ways Query Relationships
of knowing and reasoning
<
O e‘\(\e
[ctnb1_humanj - [t1712_human] these fa Cts ﬁt tog
e Tools and Their Uses in Scientists’ Exploratory
Analysis
TO‘E)I:I “:"th'gan MdOIGCLJ:I?r Iln’f[erac’fcllon (dM'thl)) Supporting Modeling Structural Part of the Workflow Petri Net corresponding to the BioWorkflow Process Model of C-like Nucleosides
web interface and protein interaction database . . . . e 1 oL . .
Used to: Q P didat e Many bioinformatics tools (including most NCIBI tools) are focused on classification » Molecules that are part of the Gemcitabine/C-nucleoside processing model are shown as
sed to: Query on candidate genes or . . i . -
concepts: retrgve data about ?elevant orotein * The BioWorkflow approach provides an insight into how modeling can be supported blue squares. The roles that they play are shown as pink ovals. il
. . . . . . S0
interactio,ns iterature. GO annotations. and » The insert on the right shows the details of the Gemcitabine chemical. The cellular ‘ X Ol
’ ) ’ i i i : : f {3 » o : : : T - - T -
literature-mined descriptions Example: BioWorkflow Process Model of C-like Nucleosides location is specified as “Nucleus” — a term taken from the biomedical vocabularies that In o i | .
. . . . . include TAMBIS and UMLS. cito S0t _ cito 0ot
» Model shows alternative processes involved in the cellular processing of C-like o
. . . . . . . . . _35
Tool: MiMI plugin to Cytoscape. nucleosides, including the native C nucleoside and the drug Gemcitabine — a C-analog o ‘
. . ' Pl 17
Used to: Interactively explore and manipulate (dFdC) . N Rin o iR Pl‘m
. . . . . . . . nucleus in nucleus cvionlasm 36
networks of protein-protein interactions in e . » Four alternative processes (green ovals) can transport the C-nucleosides into the o e "/ : : ”“l' n
Cytoscape, complete with conceptual and 5 L —— cytoplasm, each using a different enabling transporter (blue rectangle): hENT1, hENTZ, . Transmembrans N N Recucton of “
. . . . 824 | capNz calcrim son binding 100.0005500], caltiumr... | Apoploss [path hs308210f, Focal aches_ | proleoysis [00 0006508 High_Level_Process Transport repair Replication ribonucleaotide
quantitative data carried over from MiMI. et Al e R e e hCNT1, or h(CNT3
R _ | | o | . iR ecuie
S cics ety v s . | BRSO A BT | oot COLOET8 s » C-like nucleoside (blue rectangle) is shown to be participating with a substrate link on all of . 4 i uctes.(nstancs o Chmical,nerna e Ge.. 50
2620 | GAS2 | ) [ :ampmi';265’0505‘51%{ t.el-l(‘/:';:i;'ﬂl 2007 . . Bio-Collection Hame Cellular Location 2 I A
st s P S S R e the alternative processes, which converge at the XOR/XOR router. e R B wactoimer | [# e .
e Findings » Two alternative processes follow: Deactivation of C-like nucleoside or its phosphorylation. & N ./ L | /p._‘@
. : : : : . . . . Clinical ‘Disorder_Rol Synonyms 5« W B showninOtherDiagrams ©» - ¢ & . 43 -4
» All scientists flowed through 4 stages, each with a dominant mode of reasoning: » Phosphorylation step is followed by 3 alternative processes: Dephosphorlyation, D Desminston PophoNtor © Gorcre T e rcen Dea 'on
] . . . . . BiomolefUlarcomple @ Transport of CMP./Gemcitabine into cytoplasm hucl 16 G000
1. Confirming 3. Mentally Modeling Causes & Effect Deactivation, or a second phosphorylation. :
Verification reasoning Causal mental modeling/inference o st ;
- i lai S s o PIggEe
2. Separating the Wheat from Chaff 4. Building a Biological Story RO.W - 2 - . ! bs
CI aSS|f|Cat|On N arratlve reasonlng L. hENT?-. ''''' o ,,,,, - nucl;‘;'gi, hCNT1 hCNTz ‘
. . . . . . . Low_ ocess e , ) ) = ————— = |
» Validation occurs throughout inquiry but in different forms in each stage. - GermetaninLdFdey
» Classification reasoning is far better supported by bioinformatics tools than causal mental Hiohfgesisocess 1+ i '
modeling and narrative reasoning. v [ DT ~— - |
. . . . . . . . Moving Forward Acknowledgements
» Novel insights into credible mechanisms of a disease depend on supporting users in ol | | o | o | | | | | |
integrating all modes of reasoning and inquiry stages of analysis. ° QonS|derat|on of a cognitive view of user tasks leads to important insights in how to build This work was partially supported by National Institutes of Health: Grant #U54 DA021519
» Support for novel insights requires improvements in tools, as follows: Roie mtegrated.systems of tools | | o | References
- - = = . . . o
Provide ample interactivity and control over manipulating data as needed for turning Clinical Disorder_Role Now p033|bI§ to.state more. precise requw.ements for classmcapon reasoning | Cohen AM and Hersh W: A survey of current work in biomedical text mining, Briefings in Bioinformatics
data to knowledge — i.e. based on observed patterns "y - Y - et o * Tools and scientists reasoning are dynamically related, and so improved tools will lead to 5005 8: 57-71.
. . . iomole -Complex eytoplasm (dFdUy ‘ ) . cr . . .! | . | | | | |
Provide cues, not just data read-offs, to guide inferences — e.g. emphasis, default ' cycle of identifying better targeted reqUIrer.nentS followed by FOOI Improvements | Saraiya P, North C, Duca K. Visualizing biological pathways: requirements analysis, systems evaluation and
groupings, “analysis in a keystroke” that embodies domain knowledge kate! ® Few open source tools support contextualized causal reasoning for mental modeling and research agenda. Information Visualization 2005; 4:191-205.
CMP 1 - 1 - 141 . . g . . . . . . 3 .
Provide surrogates for validation acceptable to scientists when test statistics are not eyl narrating putative I?|olog|cal eyents a”‘_’ abnormah’ues | | | Mirel B. Supporting cognition in systems biology analysis; findings on users’ processes and design
available or when biological knowledge is incomplete. \h ;ig;;;,z:, * Well-targeted requirements will evolve in modeling and story-telling with user experience ::nllohca;(\l/lons\’(. }’]Olfmzll of Blor;l;dlflijl glslcovegy Tnd CC|>“ab0ratl0n 2009; 4-1/\-/1 7kf| bt Nt o
i i e . : . i P i ' ' ele , Yeh |, Altman . Modelin lological processes usin orkflow an etri Net models.
Provide domain-based contexualizing information: Types of interactions, types of dony D o with prototypes based on best guesses such as the BioWorkflow project Bioirg‘ormatics 2002:18(6):825-837 J J P J
1t - ’ ot - _ - S ¢ Remaining challenges include the design of visualizations for classification, and supportin ’ ' '
molecules, ability to iImport _On_es Own. data, overlays of protein interactions and n ,? ¢ gl £ oation t g I PP J Peleg M, Rubin D, Altman RB. Using Petri Net Tools to Study Properties and Dynamics of Biological
pathways, overlays of protein interactions and disease-ome. the transition from classitication to modeling

Systems. J Am Med Inform Assoc 2005;12(2):181-199.



