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The ultimate test of understanding a simple cell, more 
than being able to build one, would be to build a 
computer model of the cell, because that really 
requires understanding at a deeper level.

“

”
Clyde Hutchison
The New York Times, 1999
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With a whole cell model, we could…
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Question 1: Can we build a whole-cell 
model today?
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Lessons of the past decade

Integration of diverse approaches will be essential

Whole-cell modeling requires a variety of approaches
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Implementation

1 sec

Simulation Integration Simulation
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Implementation

Simulation Integration Simulation

Metabolite concentrations
Protein monomers
Complexes

Polymerase positions
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RNAs

Metabolic fluxes
Cell mass
…
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Mycoplasma genitalium

Small 
Annotated  
Homology
Free-living

number of genes
genome sequence 
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for culture
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Annotated
401 (76%)

Unannotated
124 (24%)

Project status (8/2010)
Metabolism 147
Translation  70
tRNA aminoacylation 60
RNA modification 13
DNA replication 12
Protein decay  9
Protein translocation 9
Attachment 9
Transcription 8
Protein folding 6
Ribosome assembly 4
Protein processing 4
Protein modification 3
RNA decay 2

DNA damage/repair 18
Cytokinesis 8
RNA processing 6
Transcription regulation 6
DNA supercoiling 5

M. genitalium : 525 genes

Implemented
358 (89%)

Remaining
43 (11%)

Model goal : 401 genes
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Question 2: Can we predict the outcome 
of perturbations?
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1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 18 19 20 21 22 23
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47 48 49 50 51 52 53 54 55 56 57 58 59 60 61 62 63 64 65 66 67 68 69
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323 324 325 326 327 328 329 330 331 332 333 334 335 336 337 338 339 340 341 342 343 344 345

346 347 348 349 350 351 352 353 354 355 356 357 358 359 360 361 362 363 364 365 366 367 368

369 370 371 372 373 374 375 376 377 378 379 380 381 382 383 384 385 386 387 388 389 390 391

392 393 394 395 396 397 398 399 400 401 402 403 404 405 406 407 408 409 410 411 412 414

417 418 419 420 421 422 423 424 425 426 427 428 429 430 431 432 433 434 435 437

438 439 440 441 442 443 444 445 446 447 448 449 450 451 452 453 454 455 456 457 458 459 460

461 462 463 464 465 466 467 468 469 470 471 472 473 474 475 476 477 478 479 480 481 482 483

484 485 486 487 488 489 490 491 492 493 494 495 496 497 498 499 500 501 502 503 504 505 506

507 508 509 510 511 512 513 514 515 516 517 518 519 520 521 522 523 524 525 5s 16s 23s

Correctly predicted (230) 

Incorrectly predicted (19)
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92.4% of KO simulations qualitatively correct
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MG_010
MG_039
MG_066
MG_112
MG_271
MG_298
MG_315
MG_398

DNA primase-related protein
FAD-dependent glycerol-3-phosphate dehydrogenase
Transketolase
Ribulose-phosphate 3-epimerase
Dihydrolipoamide dehydrogenase
Chromosome segregation protein
DNA polymerase III, delta subunit, putative
ATP synthase F1, epsilon subunit 

Uracil phosphoribosyltransferase
Glycerol kinase
Purine nucleoside phosphorylase
Deoxyribose-phosphate aldolase
ABC transporter subunit (ribose?) 
ABC transporter subunit (ribose?) 
Modification methylase, HemK family 
Potassium uptake protein, TrkA family
isoleucyl-tRNA synthetase
DAK2 phosphatase domain protein 
Thiamine biosynthesis/tRNA modification protein ThiI

MG_030
MG_038
MG_049
MG_050
MG_119
MG_120
MG_259
MG_323
MG_345
MG_369
MG_372
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MG_471 knockout simulation
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MG_471 knockout simulation
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Question 3: Can we interpret complex 
phenotypes?
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M. genitaliumM. capricolum
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Whole-cell modelFlux-balance analysis
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Cai et al., Nature 2008

Crz1 localization and Reporter expression in a single yeast cell
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MG_013: folD

MG_504: tRNA/TRP
MG_496: tRNA/TRP
MG_483: tRNA/CYS

MG_145: ribFMG_404: atpE

MG_398: atpC

MG_403: atpF

MG_399: atpD

MG_405: atpB

MG_401: atpA
MG_400: atpG

MG_402: atpH

MG_272: pdhC
MG_274: pdhA

ATP Synthase tRNAsPyruvate
Dehydrogenase

Methylene
THF Enzyme

Riboflavin 
Kinase
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Can we interpret complex phenotypes?

Can we build a whole cell model today?

Can we predict the outcome of perturbations?
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