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Reverse EngineeringReverse Engineering
•• Inference of a predictive (generative) model from data. Inference of a predictive (generative) model from data. 

E.g. E.g. argmax[argmax[PP((DataData||ModelModel)])]

•• Assumptions:Assumptions:
–– Model variables (E.g., DNA, mRNA, Proteins, cellular subModel variables (E.g., DNA, mRNA, Proteins, cellular sub--

structures)structures)
–– Model variable space: At equilibrium, temporal dynamics, Model variable space: At equilibrium, temporal dynamics, spatiospatio--

temporal dynamics, etc.temporal dynamics, etc.
–– Model variable interactions: Model variable interactions: probabilisticsprobabilistics (linear, non(linear, non--linear), linear), 

explicit kinetics, etc.explicit kinetics, etc.
–– Model topology: known aModel topology: known a--priori, inferred. priori, inferred. 

•• Question:Question:
–– Model ~= Reality?Model ~= Reality?



Reverse EngineeringReverse Engineering
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Some Reverse Engineering MethodsSome Reverse Engineering Methods
•• Optimization: HighOptimization: High--Dimensional objective function max corresponds to best topologyDimensional objective function max corresponds to best topology

–– Liang S, Fuhrman S, Liang S, Fuhrman S, SomogyiSomogyi (REVEAL)(REVEAL)
–– GatGat--ViksViks and R. Shamir (Chain Functions)and R. Shamir (Chain Functions)
–– Segal E, Segal E, ShapiraShapira M, Regev A, M, Regev A, PePe’’erer D, Botstein D, D, Botstein D, KollerKoller D, and Friedman N (Prob. Graphical D, and Friedman N (Prob. Graphical 

Models)Models)
–– JingJing Yu, V. Anne Smith, Paul P. Wang, Alexander J. Hartemink, Erich Yu, V. Anne Smith, Paul P. Wang, Alexander J. Hartemink, Erich D. Jarvis (Dynamic Bayesian D. Jarvis (Dynamic Bayesian 

Networks)Networks)
–– ……

•• Regression: Create a general model of biochemical interactions aRegression: Create a general model of biochemical interactions and fit the parametersnd fit the parameters
–– Gardner TS, di Bernardo D, Lorentz D, and Collins JJ (NIR)Gardner TS, di Bernardo D, Lorentz D, and Collins JJ (NIR)
–– Alberto de la Alberto de la FuenteFuente, Paul , Paul BrazhnikBrazhnik, Pedro Mendes, Pedro Mendes
–– RovenRoven C and Bussemaker H (REDUCE)C and Bussemaker H (REDUCE)
–– ……

•• Probabilistic and Information Theoretic: Compute probability of Probabilistic and Information Theoretic: Compute probability of interaction and filter with interaction and filter with 
statistical criteriastatistical criteria

–– AtulAtul Butte et al. (Relevance Networks)Butte et al. (Relevance Networks)
–– Gustavo Stolovitzky et al. (CoGustavo Stolovitzky et al. (Co--Expression Networks)Expression Networks)
–– Andrea Califano et al. (ARACNE, MINDY)Andrea Califano et al. (ARACNE, MINDY)
–– ……

•• Evidence Integration: Use databases to provide scaffoldingEvidence Integration: Use databases to provide scaffolding
–– P. Shannon, A. P. Shannon, A. MarkielMarkiel, O. , O. OzierOzier, NS , NS BaligaBaliga, JT Wang, D. , JT Wang, D. RamageRamage, N. , N. AminAmin, B. , B. SchwikowskiSchwikowski, and T. , and T. 

IdekerIdeker ((CytoscapeCytoscape))
–– Jansen R, Yu H, Jansen R, Yu H, GreenbaumGreenbaum D, D, KlugerKluger Y, Y, KroganKrogan NJ, Chung S, NJ, Chung S, EmiliEmili A, Snyder M, A, Snyder M, GreenblattGreenblatt JF, JF, 

Gerstein M. (NaGerstein M. (Naïïve ve BayesBayes + Bayesian Net Evidence Integration)+ Bayesian Net Evidence Integration)
–– Brown CT, Rust AG, Clarke PJC, Brown CT, Rust AG, Clarke PJC, PanbPanb Z, Z, SchilstrabSchilstrab MJ, De MJ, De BuysscherBuysscher T, Griffin G, T, Griffin G, WoldWold B, B, 

Cameron RA, Davidson EH, Cameron RA, Davidson EH, BolouriBolouri H (Net Builder)H (Net Builder)
–– Rzhetsky A, Rzhetsky A, IossifovIossifov I, Koike T, Krauthammer M, I, Koike T, Krauthammer M, KraKra P, Morris M, Yu H, P, Morris M, Yu H, DuboueDuboue PA, PA, WengWeng W, W, 

Wilbur WJ, Wilbur WJ, HatzivassiloglouHatzivassiloglou V, Friedman C. (V, Friedman C. (GeneWaysGeneWays))
–– ……



Is it the problem or the method?Is it the problem or the method?

Science

Does it scale?Does it scale?



Robustness and ValidationRobustness and Validation

Nature Genetics



Does it generalize?Does it generalize?

Nature Genetics Does it work only for MYC?Does it work only for MYC?



How much is real ? How much is missing ?How much is real ? How much is missing ?

Validation by co-affinity purification:

LCI: 62%
Y2H: 78%
Both: 81%

Nature

And which part ?And which part ?



The ultimate goalThe ultimate goal

Science

DREAM



DREAM: a DialogueDREAM: a Dialogue

•• CASPCASP--style: CASP (Critical Assessment of Structure Predictions) is a style: CASP (Critical Assessment of Structure Predictions) is a bibi--
yearly workshop where blind protein structure predictions (obtaiyearly workshop where blind protein structure predictions (obtained by ned by 
various methods) are compared to structures assessed by experimevarious methods) are compared to structures assessed by experimental ntal 
methods. The latter are kept secret until the deadline for submimethods. The latter are kept secret until the deadline for submission of the ssion of the 
computational structure predictions. Algorithms compete within scomputational structure predictions. Algorithms compete within specific pecific 
categories (I.e. categories (I.e. abab--initioinitio, homology, homology--based methods, etc.)based methods, etc.)

•• CASPCASP--style workshop and database to assess the quality of methods andstyle workshop and database to assess the quality of methods and
data for the reverse engineering of cellular networksdata for the reverse engineering of cellular networks

–– Assess: against which standard?Assess: against which standard?
–– Assess: what type of predictions?Assess: what type of predictions?

•• TranscriptionalTranscriptional
•• SignalingSignaling
•• MetabolicMetabolic
•• ProteinProtein--ProteinProtein

–– Assess: which cellular context?Assess: which cellular context?
–– Assess: which methods?Assess: which methods?

•• Planning meeting: May 9Planning meeting: May 9--10 NYAS10 NYAS



DREAM Working Group (SC)DREAM Working Group (SC)

•• Gary Bader (MSK)Gary Bader (MSK)
•• Joel Bader (JHU)Joel Bader (JHU)
•• Diego Di Bernardo (TIGEM)Diego Di Bernardo (TIGEM)
•• Hamid Bolouri (ISB)Hamid Bolouri (ISB)
•• Harmen Bussemaker (CU)Harmen Bussemaker (CU)
•• Andrea Califano (CU)Andrea Califano (CU)
•• Jim Collins (BU)Jim Collins (BU)
•• Eric Davidson (Caltech)Eric Davidson (Caltech)
•• Tim Gardner (BU)Tim Gardner (BU)
•• Mark Gerstein (Yale)Mark Gerstein (Yale)
•• Alexander Hartemink (Duke)Alexander Hartemink (Duke)
•• Trey Ideker (UCSD)Trey Ideker (UCSD)

•• Andre Levchenko (JHU)Andre Levchenko (JHU)
•• Pedro Mendes (VP)Pedro Mendes (VP)
•• John Moult (John Moult (U.MarylandU.Maryland))
•• Andrey Rzhetsky (CU)Andrey Rzhetsky (CU)
•• Benno Schwikowski (Pasteur)Benno Schwikowski (Pasteur)
•• Eran Segal (Weitzman)Eran Segal (Weitzman)
•• Ron Shamir (TAU)Ron Shamir (TAU)
•• Mike Snyder (Yale)Mike Snyder (Yale)
•• Gustavo Stolovitzky (IBM)Gustavo Stolovitzky (IBM)
•• Marc Vidal (Harvard)Marc Vidal (Harvard)
•• Mike Yaffe (MIT)Mike Yaffe (MIT)



http://http://www.nyas.org/ebriefreps/main.asp?intEBriefIDwww.nyas.org/ebriefreps/main.asp?intEBriefID=534=534



What is DREAMWhat is DREAM
•• An attempt to assemble:An attempt to assemble:

–– Useful metrics for the evaluation of reverse engineering methodsUseful metrics for the evaluation of reverse engineering methods
–– Plausible/reasonable predictive/generative models Plausible/reasonable predictive/generative models 

•• Synthetic (Biologically motivated)Synthetic (Biologically motivated)
•• BiologicalBiological
•• BioengineeredBioengineered

–– ““Gold StandardGold Standard”” data that would be useful to assess methoddata that would be useful to assess method’’s s 
performanceperformance

–– Common threads to engage the reverseCommon threads to engage the reverse--engineering community in engineering community in 
a dialogue to help further structure and consolidate the fielda dialogue to help further structure and consolidate the field

–– A Database with Data, Methods, Publications, and Predictions.A Database with Data, Methods, Publications, and Predictions.

•• Similar Efforts in complementary fieldsSimilar Efforts in complementary fields
–– CASP (Critical Assessment of Structure Prediction)CASP (Critical Assessment of Structure Prediction)
–– GAW (Genetic Analysis Workshop)GAW (Genetic Analysis Workshop)
–– CAMDA (Critical Assessment of Microarray Data Analysis)CAMDA (Critical Assessment of Microarray Data Analysis)
–– CoEPrACoEPrA (Comparative Evaluation of Predictive Algorithms)(Comparative Evaluation of Predictive Algorithms)
–– CAPRI (Comparative Assessment of Protein Interactions)CAPRI (Comparative Assessment of Protein Interactions)



11stst DREAM WorkshopDREAM Workshop

•• NIH National Centers for Biomedical NIH National Centers for Biomedical 
Computing (NCBC)Computing (NCBC)

•• IBMIBM

•• New York Academy of ScienceNew York Academy of Science

•• Center for Discrete MathematicsCenter for Discrete Mathematics
and Theoretic Computer Scienceand Theoretic Computer Science

Sept. 7Sept. 7--8, 2006. Wave Hill NY8, 2006. Wave Hill NY

ParticipantsParticipants 120120
Invited PresentationsInvited Presentations 2+82+8
Submitted papersSubmitted papers 3030
Accepted papersAccepted papers 1212
Accepted postersAccepted posters 1313
NYAS Annals VolumeNYAS Annals Volume

http://www.ibm.com/us/


Session I: Experimental Gold StandardsSession I: Experimental Gold Standards

•• Invited:Invited:
–– Dana Dana Pe'erPe'er –– Inferring Regulatory Pathways:  Data and Inferring Regulatory Pathways:  Data and 

experimental designexperimental design
–– Joel Bader Joel Bader –– Estimating the size of the Human Estimating the size of the Human InteractomeInteractome

•• Submitted:Submitted:
–– I. I. CantoneCantone, , D. D. didi BernardoBernardo, and M.P. , and M.P. CosmaCosma ––

Benchmarking reverseBenchmarking reverse--engineering strategies via a synthetic engineering strategies via a synthetic 
gene network in gene network in SaccharomycesSaccharomyces cerevisiaecerevisiae

–– T. T. MaiwaldMaiwald, C. , C. KreutzKreutz, S. , S. BohlBohl, A.C. Pfeifer, U. , A.C. Pfeifer, U. KlingmKlingmüüllerller, , 
and J. and J. TimmerTimmer –– Dynamic pathway modeling: Feasibility Dynamic pathway modeling: Feasibility 
analysis and optimal experimental designanalysis and optimal experimental design

–– Theodore J. Perkins Theodore J. Perkins –– The gap gene system of Drosophila The gap gene system of Drosophila 
melanogastermelanogaster: Model: Model--fitting and validationfitting and validation



Interventions on a known mapInterventions on a known map……
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Engineered Network topologyEngineered Network topology
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Session II: Synthetic Gold StandardSession II: Synthetic Gold Standard

•• Invited:Invited:
–– Pedro Mendes Pedro Mendes –– In In SilicoSilico Models for Reverse Engineering: Models for Reverse Engineering: 

Complexity and Realism versus WellComplexity and Realism versus Well--Defined MetricsDefined Metrics
–– Leslie Leslie LoewLoew –– In In SilicoSilico Gold Standards from Virtual CellGold Standards from Virtual Cell

•• Submitted:Submitted:
–– B. StiglerB. Stigler, M. , M. StillmanStillman, A. , A. JarrahJarrah, P. Mendes, and R. , P. Mendes, and R. 

LaubenbacherLaubenbacher Reverse Engineering of Network TopologyReverse Engineering of Network Topology
–– Winfried Just Winfried Just –– Data requirements of reverseData requirements of reverse--engineering engineering 

algorithmsalgorithms
–– I. NemenmanI. Nemenman, M.E. Wall, G.S. , M.E. Wall, G.S. EscolaEscola, W.S. , W.S. HlavacekHlavacek ––

Reconstruction of metabolic networks from high throughput Reconstruction of metabolic networks from high throughput 
metabolic profiling data: metabolic profiling data: in in silicosilico analysis of Red Blood Cell analysis of Red Blood Cell 
metabolismmetabolism



Session II: Synthetic Gold StandardSession II: Synthetic Gold Standard

P. MendesP. Mendes



Synthetic Benchmarks:Synthetic Benchmarks:

Erdos-RenyiErdosErdos--RenyiRenyi Scale-freeScaleScale--freefree



Session III: Data Generation and ValidationSession III: Data Generation and Validation

•• Invited:Invited:
–– Riccardo DallaRiccardo Dalla--Favera Favera –– Validating Pathways in Human B CellsValidating Pathways in Human B Cells
–– Eric Eric SchadtSchadt –– Simulations and Simulations and MultifactorialMultifactorial Gene Perturbation Gene Perturbation 

Experiments as a Way to Validate Reverse Engineered Gene Experiments as a Way to Validate Reverse Engineered Gene 
Networks Reconstructed via the Integration of Genetic and Gene Networks Reconstructed via the Integration of Genetic and Gene 
Expression DataExpression Data

•• Submitted:Submitted:
–– B. B. HayeteHayete, J.J. Faith,  J.T. , J.J. Faith,  J.T. ThadenThaden, I. , I. MognoMogno, J. , J. WierzbowskiWierzbowski, G. , G. 

CottarelCottarel, S. , S. KasifKasif, J. J. Collins, and T.S. Gardner , J. J. Collins, and T.S. Gardner –– GenomeGenome--scale scale 
mapping and global validation of the mapping and global validation of the E. coliE. coli transcriptional network transcriptional network 
using a compendium of using a compendium of AffymetrixAffymetrix expression profilesexpression profiles

–– Michael Michael SamoilovSamoilov and Adam and Adam ArkinArkin –– Using Data Fusions and Using Data Fusions and 
BiomolecularBiomolecular Modeling towards Improving the Results of Reverse Modeling towards Improving the Results of Reverse 
Engineering in Biological Networks. The Engineering in Biological Networks. The ENRICHedENRICHed Approach.Approach.

–– A. A. KundajeKundaje, D. Quigley, S. , D. Quigley, S. LianoglouLianoglou, X. Li, M. Arias, C. Wiggins, L. , X. Li, M. Arias, C. Wiggins, L. 
Zhang , and Zhang , and C. Leslie C. Leslie –– Learning regulatory programs that Learning regulatory programs that 
accurately predict differential expression with MEDUSAaccurately predict differential expression with MEDUSA
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Edge Phenotype MapEdge Phenotype Map
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Session IV: RE Algorithms and MetricsSession IV: RE Algorithms and Metrics

•• Invited:Invited:
–– James J. Collins James J. Collins –– Reverse Engineering GeneReverse Engineering Gene--Protein NetworksProtein Networks
–– Mark Gerstein Mark Gerstein –– Understanding Biological Function through Understanding Biological Function through 

Evaluation of GenomeEvaluation of Genome--scale Networks scale Networks 

•• Submitted:Submitted:
–– M. M. SocolovskySocolovsky, M. Murrell, Y. Liu, R. Pop, E. , M. Murrell, Y. Liu, R. Pop, E. PorpigliaPorpiglia, and , and A. A. 

LevchenkoLevchenko –– Computational Modeling of Fetal Erythroblasts Computational Modeling of Fetal Erythroblasts 
Predicts Negative Predicts Negative AutoregulatoryAutoregulatory Interactions Mediated by Interactions Mediated by FasFas and and 
its ligandits ligand

–– L. David and L. David and C. WigginsC. Wiggins –– Quantifying Reliability of Dynamic Quantifying Reliability of Dynamic 
Bayesian NetworksBayesian Networks

–– A. Bernard A. Bernard and A.J. and A.J. HarteminkHartemink –– Evaluating Algorithms for Evaluating Algorithms for 
Learning Biological Networks Learning Biological Networks 



How do we use the Networks?How do we use the Networks?
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Validation: Validation: recA/lexArecA/lexA Double PerturbationDouble Perturbation
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Individual Features and their Integration for Yeast Individual Features and their Integration for Yeast 
Membrane Protein Interaction PredictionMembrane Protein Interaction Prediction

Combination of All Features
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DREAM MetricsDREAM Metrics



Questionnaire (30/120)Questionnaire (30/120)

What is your research background

Computational 11
Experimental 1
Both 4

Total 16
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Based on your evaluation of the workshop goals and the program, would you recommend that this project is continued in future years

Yes 31
No 0
Total 31
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QuestionnaireQuestionnaire
Q2 Based on the current session topics did you find that 
[a] The sessions accurately represent and address the workshop goals

Yes 27
No 1
Total 28

[b] Some sessions are redundant and should be eliminated

Session 1 0
Session 2 1
Session 3 0
Session 4 1
Total 2

[c] Some sessions are critically missing

1. Reverse Engineering vs. model inversion problems. 9. Some more on cellular phenotypes and applications.
2. Validation 10. Inverse methods for real parameter inference.
3. Estimating Dynamic Parameters 11. The session topics were good, but the talks didn’t always fit.
4. Temporal simulations of RE nets. 12. Statistical rigorous evaluation
5. Metabolic modeling. 13. More input from experimental biologists.
6. Validation of Sequence motifs (DNA, protein) 14. RE methods comparisons
7. The format should probably evolve as the field matures. 15. Short poster presentations before poster sessions.
8. Definition of Reverse Engineering. 16. Competition.
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QuestionnaireQuestionnaire

Should the DREAM Workshop directly address the issue of comparing the performance of 
reverse engineering algorithm using blind data (similar to CASP)?

Yes 22
No 5
Maybe 1
Premature 1
Total 29
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Question 4Question 4
On a scale from 1 to 5 (5 showing the highest interest), would you use (or find useful) a DREAM�curated database with the following information:

Very Low Low Med High Very High Total
a. RE Algorithms/Software 1 0 3 7 19 30
b. Experimental Data 0 1 3 6 20 30
c. Blind Experimental Data 1 3 8 5 12 29
d. Synthetic Data 3 2 5 8 11 29
e. Biological Network Questions 3 1 5 8 11 28
f. Predictions for bio-validation 3 0 3 4 20 30
g. Links to RE Literature 1 3 3 9 13 29
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Questionnaire (Suggestions)Questionnaire (Suggestions)
Longer Event and more sessions/discussion 7

More time for discussions.
3 day workshop + ½ hour submitted papers.
One session that deals w/ basic science (such as A Levine, M Rout, and R. Dalla Favera) to gain more insight for RE projects.
Session on standardization.
More time for invited presentations.
Organize a methods session according to the modeling framework
Demostration of software apps, and sharing of source code.

Comments on Topic Focus 7
Protein-level was under-represented in comparison to genetic nets
ODE models were under-represented in comparison to genetic nets
Discussion on Network Analysis.
Metabolic analysis is premature.
Separate regulatory validation from interaction validations, since data + results are different.
Interference between different levels of modelation: Prot interaction nets interact with metabolic and transcription nets dynamically.
Better organization with respect to the wide range of questions we are dealing with.

Logistics 5
Have the wkshp closer to the hotel.
Organize the conference closer to hotel.
Common dinner.
A social mixer so that people can get to know each other better.
Integrate with GEO?

Comments on Biological Focus 4
Once a net is validated, there are Q to be answered which have  a biological/physiological impact. Speakers should answer which questions were predicted with networks
More talks on experimental validation techniques: TF-DNA, signaling, protein interaction.
Invite more experimentalists.
Discussions of applications, biological context and phenotypic context.

CASP-like Competition 3
Weaker version of CASP would be good (written by someone who said no to Q3): start easy: topology. Separate supervised and unsupervised learning.
Perhaps a CASP like contest could take place in the future for defined projects. But much more discussion is needed.
If a CASP like contest is implemented, avoid the trap of having talk after talk saying: “My algo is better than yours”. Concentrate on why and methodology of assessment

DREAM Website 2
Launch a challenge to infer some nets from Data in the DREAM website.
Items b and f in Q4 would be useful but impractical, and a logical nightmare.
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RecommendationsRecommendations
•• Gold StandardsGold Standards

–– Synthetic GS provide complete data and are relatively realistic.Synthetic GS provide complete data and are relatively realistic.
Experimental Biologists do not trust them yetExperimental Biologists do not trust them yet

–– Experimental GS provide very incomplete data and contain both faExperimental GS provide very incomplete data and contain both false lse 
positives (few) and negatives (many)positives (few) and negatives (many)

–– Engineered GS address both issues but are artificial and small sEngineered GS address both issues but are artificial and small scalecale
•• Biochemical ValidationBiochemical Validation

–– Several criteria/recommendations for validation should emerge asSeveral criteria/recommendations for validation should emerge as a result a result 
of the of the ““DialogueDialogue””

•• Literature, Binding Site Analysis, Literature, Binding Site Analysis, ChIPChIP, PP interaction assays, reporter assays, , PP interaction assays, reporter assays, 
coco--IP, etc.IP, etc.

–– Define an acceptable Precision. (30%Define an acceptable Precision. (30%--50%?)50%?)
•• MethodsMethods

–– Repository of methods (with publications/data) is neededRepository of methods (with publications/data) is needed
•• ModelsModels

–– Current Subdivisions (metabolic/signaling/transcriptional) are aCurrent Subdivisions (metabolic/signaling/transcriptional) are artificial. The rtificial. The 
cellular interaction networks are compositecellular interaction networks are composite

–– Context Specificity is very importantContext Specificity is very important
•• Use of the NetworksUse of the Networks

–– Emerging as a key justification for the fieldEmerging as a key justification for the field



Issues and RoadblocksIssues and Roadblocks

•• Field is relatively new and rapidly evolving. DREAM Goals may beField is relatively new and rapidly evolving. DREAM Goals may become come 
a moving targeta moving target

•• All similar efforts have a wellAll similar efforts have a well--defined methodology to produce defined methodology to produce ““GoldGold--
StandardStandard”” datadata

•• Reverse Engineering feeds an many data types and infers diverse Reverse Engineering feeds an many data types and infers diverse 
cellular network typescellular network types
–– Sequence, Expression profiles, Structure, Sequence, Expression profiles, Structure, ChIPChIP--Chip, Synthetic Chip, Synthetic 

Lethality, etc.Lethality, etc.
–– Regulatory, Signaling, Metabolic, etc.Regulatory, Signaling, Metabolic, etc.

•• Welding the computational and experimental communities will be hWelding the computational and experimental communities will be hardard
–– Can we expect experimentalists to hold off on publication of newCan we expect experimentalists to hold off on publication of new

biological circuits?biological circuits?
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