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The Virtual Embryo Project

“… far reaching new research program to develop a 
sophisticated computer model of a (mammalian) 
embryo …” - Risk Policy Report, Vol 15, No.2 - January 8 2008

virtual tissues and artificial life simulators as models to 
study morphogenesis and predict defects in silico

addresses how mechanisms at one scale (cellular) 
interact to produce higher level (tissue) phenomena
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developmental pathways

traditional prenatal studies 

stem cells Z-fish embryos
HTP screening assays

in silico morphogenesis (CC3D)

artificial life simulators
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- databases
- computable
- easier to manage
- QA/QC curation
- semantics/metadata
- accurate but slow

- non-uniform format (literature)
- algorithms needed to put in computable form
- difficult to manage and control
- noisy (filtering becomes essential)
- ambiguous - cricket the game or cricket the bug?
- preliminary but fast

• Summarization
• Classification
• Clustering
• Ontologies
• NLP
• Concepts
• Correlations
• Causality

Keyword search

KB

TM

unstructured data
OLTP**

OLAP*

DM

structured data
* Online analytical processing
**Online transaction processing

+ =

Data Sources2
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Information infrastructure:
normal and abnormal embryogenesis

Source: Imran Shah, NCCT – EPA

v-Embryo™ KB
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Text mining: 862 DTX terms across 1323 studies3
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EPA’s COMPTOX APPLICATION FRAMEWORK
developmental toxicity module ported from BDSM*

SOURCE: Richard Judson, NCCT
*Singh et al. (2005) Computational systems analysis of developmental toxicity: design,  development
and implementation of a birth defects systems manager (BDSM). Reprod Toxicol 19:421-439
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Gene regulatory networks4

http://genex.hgu.mrc.ac.uk/ 63 genes (TS12-18)
captures 2164 PMIDs

Sl.No. G ene 1 Gene 2 Search 1 Search 2 PMID Web link T itle Authors Read Relevant New Informatio
1 cyc shh fetal or embryo mouse or  mice12783802 http://www.ncbA temperature-sensitiveT ian J., Yam CY Y N
2 cyc shh fetal or embryo mouse or  mice10952887 http://www.ncbDirect action of the nod Müller F., AlbeY Y Y
3 cyc shh fetal or embryo mouse or  mice10694427 http://www.ncbTwo distinc t cell populaOdenthal J., v Y N N
4 cyc shh fetal or embryo mouse or  mice8946241 http://www.ncbExpression of axial and Strähle U., BlaY N N
5 cyc shh fetal or embryo mouse or  mice8674416 http://www.ncbComplex express ion of Hauptmann G Y N N
6 shh pax2 fetal or embryo mouse or  mice11731484 http://www.ncbvhnf1, the MODY5 and Sun Z., Hopk inY N N
7 shh pax2 fetal or embryo mouse or  mice10601036 http://www.ncbVax1, a novel homeobo Hallonet M., H Y Y Y
8 shh pax2 fetal or embryo mouse or  mice9655820 http://www.ncbSonic hedgehog is not Schauer te H., Y N N
9 shh otx1 fetal or embryo mouse or  mice15105370 http://www.ncbOtx2 regulates the exte Puelles  E., An Y N N
10 Pax2 pax6 fetal or embryo mouse or  mice17470285 http://www.ncbRybp, a polycomb com Pirity M., Wan Y YN (developmY
11 Pax2 pax6 fetal or embryo mouse or  mice17166916 http://www.ncbLmx1b is  essential for FGuo C., Qiu H Y N N
12 Pax2 pax6 fetal or embryo mouse or  mice16934393 http://www.ncbA role for GnRH in earl Wu S., Page LY Y Y
13 Pax2 pax6 fetal or embryo mouse or  mice14711874 http://www.ncbPrep1.1 has essential gDeflor ian G., TY D? Y
14 Pax2 pax6 fetal or embryo mouse or  mice12970747 http://www.ncbPaired-Box genes are f Muratovska A. Y N N
15 Pax2 pax6 fetal or embryo mouse or  mice12756174 http://www.ncbRetinal pigmented epithBäumer N., M Y Y Y
16 Pax2 pax6 fetal or embryo mouse or  mice11804780 http://www.ncbDach1, a vertebrate homHeanue T., DaY YN (Day 13 uN
17 Pax2 pax6 fetal or embryo mouse or  mice11458394 http://www.ncbSix3 promotes the form Lagutin O ., Zh Y Y N
18 Pax2 pax6 fetal or embryo mouse or  mice11003833 http://www.ncbSpatial specification of Schwarz M., CY Y N
19 Pax2 pax6 fetal or embryo mouse or  mice10601036 http://www.ncbVax1, a novel homeobo Hallonet M., H Y Y Y
20 Pax2 pax6 fetal or embryo mouse or  mice10051661 http://www.ncbEctopic bone morphogeGolden J., BraY N N
21 Pax2 pax6 fetal or embryo mouse or  mice9831649 http://www.ncbZebrafish contains two Nornes S., ClaY Y Y
22 Pax2 pax6 fetal or embryo mouse or  mice9655820 http://www.ncbSonic hedgehog is not Schauer te H., Y N N
23 Pax2 pax6 fetal or embryo mouse or  mice9297966 http://www.ncbPax genes and organogDahl E., KosekY Y N
24 Pax2 pax6 fetal or embryo mouse or  mice8126546 http://www.ncbRoles of Pax-genes in dStoykova A., GY N N
25 pax6 rx1 fetal or embryo mouse or  mice12142024 http://www.ncbThe homeobox gene m Kawahara A., Y Y Y (Did not und
26 pax6 sox2 fetal or embryo mouse or  mice17825048 http://www.ncbPAX6 and SOX2-depenInoue M., KamY
27 pax6 sox2 fetal or embryo mouse or  mice17470285 http://www.ncbRybp, a polycomb com Pirity M., Wan Y YN Y
28 pax6 sox2 fetal or embryo mouse or  mice17066077 http://www.ncbSix3 activation of Pax6 Liu W., Laguti Y Y Y
29 pax6 sox2 fetal or embryo mouse or  mice15926496 http://www.ncb[Understanding lens dif Uchikawa M., Y
30 pax6 sox2 fetal or embryo mouse or  mice15855760 http://www.ncbThe involvement of neu Reza H., YasuY Y Y
31 pax6 sox2 fetal or embryo mouse or  mice15652703 http://www.ncbRequirement of mesodeMolotkova N., Y N N
32 pax6 sox2 fetal or embryo mouse or  mice15558474 http://www.ncbInterplay of Pax6 and S Kondoh H., UcY YN* YN*
33 pax6 sox2 fetal or embryo mouse or  mice12710953 http://www.ncbPax6 autoregulation meAota S., Nakaj Y Y Y
34 pax6 sox2 fetal or embryo mouse or  mice12642482 http://www.ncbCell-autonomous involv Yamada R., M Y N* Y*
35 pax6 sox2 fetal or embryo mouse or  mice11069887 http://www.ncbPax6 activi ty in the lensAshery-Padan Y N* N
36 pax6 sox2 fetal or embryo mouse or  mice9851982 http://www.ncbBMP4 is essential for leFuruta Y., HogY Y* Y*
37 pax6 sox2 fetal or embryo mouse or  mice9609835 http://www.ncbInvolvement of Sox1, 2 Kamachi Y., U Y Y N
38 pax6 six3 fetal or embryo mouse or  mice17470285 http://www.ncbRybp, a polycomb com Pirity M., Wan Y YN (developmY
39 pax6 six3 fetal or embryo mouse or  mice17066077 http://www.ncbSix3 activation of Pax6 Liu W., Laguti Y Y Y
40 pax6 six3 fetal or embryo mouse or  mice16765103 http://www.ncbIdentification of genes eLord-Grignon Y Y* Y*
41 pax6 six3 fetal or embryo mouse or  mice15569927 http://www.ncbTyrosine phosphorylatioGotoh N., Ito MY
42 pax6 six3 fetal or embryo mouse or  mice15366004 http://www.ncbRaldh2 expression in o Mic F ., Molotk Y
43 pax6 six3 fetal or embryo mouse or  mice12642482 http://www.ncbCell-autonomous involv Yamada R., M Y N N
44 pax6 six3 fetal or embryo mouse or  mice11956759 http://www.ncbexma: an X-linked inserCunningham DY N N
45 pax6 six3 fetal or embryo mouse or  mice11458394 http://www.ncbSix3 promotes the form Lagutin O ., Zh Y Y N
46 pax6 six3 fetal or embryo mouse or  mice10502109 http://www.ncbMouse Dach, a homolo Davis R., ShenY Y* YN*
47 pax6 six3 fetal or embryo mouse or  mice10090721 http://www.ncbSix3 overexpression ini Loosli F., Win Y Y Y
48 pax6 six3 fetal or embryo mouse or  mice9651515 http://www.ncbSix3, a medaka homolo Loosli F., Köst Y Y Y
49 sox2 foxe3 fetal or embryo mouse or  mice12642482 http://www.ncbCell-autonomous involv Yamada R., M Y N N
50 vax1 chx10 fetal or embryo mouse or  mice17470285 http://www.ncbRybp, a polycomb com Pirity M., Wan Y YN (developmY
51 chx10 lhx2 fetal or embryo mouse or  mice15385160 http://www.ncbRequirement for Mab21Yamada R., M Y N N
52 chx10 mitf fetal or embryo mouse or  mice16420417 http://www.ncbLoss  of retinal progenitoColes B., HorsY N N
53 chx10 mitf fetal or embryo mouse or  mice15459106 http://www.ncbT ransdifferentiation of t Rowan S., Ch Y N N
54 chx10 mitf fetal or embryo mouse or  mice11023863 http://www.ncbExtraocular mesenchymFuhrmann S., Y Y Y
55 chx10 mitf fetal or embryo mouse or  mice10903182 http://www.ncbSignaling and transcrip Nguyen M., ArY Y Y
56 Pax6 Meis fetal or embryo mouse or  mice12183364 http://www.ncbMeis homeoproteins dirZhang X, FriedY Y Y
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Self-regulating gene network for early 
eye development: built with EMAGE, PMID

SOURCE: Knudsen and Singh (2008), manuscript in preparation

BioTapestry Linguamatics
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Community knowledge environment5

SOURCE: http://genomebiology.com/content/pdf/gb-2008-9-5-r89.pdf
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v-Embryo™ Wiki: 
coming soon … let’s share our minds
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