
Using Web-based Tools
for Teaching Embryology

Thomas B. Knudsen, PhD
National Center for Computational Toxicology
US EPA, Research Triangle Park NC
Knudsen.Thomas@epa.gov

DISCLAIMER: views reflect those of the presenter and not EPA policy; any
reference to commercial products or tradenames does not constitute endorsement  

Teratology Society, Monterey CA, July 1, 2008



INTRODUCTION

computers, imaging, and the worldwide web have 
assumed an important role augmenting learning

since mid-1990’s web resources have become available 
to accelerate research and advance knowledge

technologies to help computers access scientific 
information fuel drive to make it ‘freely available to all’

efforts needed to prevent a ‘free for all’ when elevating 
these data into computable knowledge
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Computational (in silico) biology:
impact of the human genome project



www: EDUCATIONAL USES
FOR TERATOLOGISTS

promote collaboration and scholarship through open 
exchange of useful educational and research materials 

computer-based methods for 3D rendering and visualizing 
difficult relationships in embryology

community knowledge environment to extract and 
integrate information, and build ontologies

map developmental endpoints to pathways and derive 
network topology of genes (GRN) and cells (CRN)



Virtual Libraries



Source: Berkeley Drosophila Transcription Network Project (BDTNP)
http://www-vis.lbl.gov/Publications/2007/LBNL-63062.pdf



Virtual Library needed for teratology
– relaunching of Society’s website coming soon!



Fair Use Doctrine in education:
http://www.dartmouth.edu/~webteach/articles/copyright.html

1. purpose: not-for-profit use ‘fair’ if purpose of web content is 
instructional

2. nature: works created for research purposes likely ‘fair’ due 
to expectations for educational use

3. substantiality: ‘fair’ use if reasonable relative to the whole, 
or if not the basis of user’s work

4. marketing: ‘fair’ if use has little or no effect on creator's 
ability to market his/her work 

BEST PRACTICE: assume work copyrighted when web page 
created; get author’s consent and acknowledge; disclose 
that materials fall under fair use exemption and are 
restricted from further use



www: EDUCATIONAL USES
FOR TERATOLOGISTS

promote collaboration and scholarship through open 
exchange of useful educational and research materials 

computer-based methods for 3D rendering and visualizing 
difficult relationships in embryology

community knowledge environment to extract and 
integrate information, and build ontologies

map developmental endpoints to pathways and derive 
network topology of genes (GRN) and cells (CRN)



Digital atlases:
Carnegie Human Embryology Collection

The Virtual Human Embryo
http://nmhm.washingtondc.museum/collections/hdac/index.ht

image databases for 23 stages of human embryonic 
development; each includes a complete serially sectioned 
embryo from the Carnegie collection

Multi-Dimensional Human Embryo
http://embryo.soad.umich.edu/

web-accessible 3D image reference resource based on magnetic 
resonance microscopy of the Carnegie Collection



Multi-Dimensional Human Embryo



Carnegie Stage 17 Samples

http://embryo.soad.umich.edu/



Online textbooks

Source: http://www.imc.gsm.com/siteinfo/browse_heinfo.htm



Chapter 8: Heart Development, discussion of aortic arches



www: EDUCATIONAL USES
FOR TERATOLOGISTS

promote collaboration and scholarship through open 
exchange of useful educational and research materials 

computer-based methods for 3D rendering and visualizing 
difficult relationships in embryology

community knowledge environment to extract and 
integrate information, and build ontologies

map developmental endpoints to pathways and derive 
network topology of genes (GRN) and cells (CRN)



http://www.informatics.jax.org/





Pax6 roles in eye development from 
analysis of the scientific literature



v-Embryo™ Knowledgebase:
normal and abnormal embryogenesis

Source: Imran Shah, NCCT – EPA
http://www.epa.gov/ncct/index.html

v-Embryo™ KB



www: EDUCATIONAL USES
FOR TERATOLOGISTS

promote collaboration and scholarship through open 
exchange of useful educational and research materials 

computer-based methods to render spatial dynamics and 
visualize difficult concepts in embryology

community knowledge environment to extract and 
integrate information, and build ontologies

map developmental endpoints to pathways and derive 
network topology of genes (GRN) and cells (CRN)



Developmental signaling pathways:
integrating these data at a systems level

INPUT SIGNAL PROCESSOR OUTPUT RESPONSE

Developmental 
Signals

Wnt, TGFβ, Shh, RTK, 
Notch-Delta, NF-kB, 

PCD, nuclear hormone 
receptors, RPTPs, 

receptor GC, cytokines, 
NO, GPCRs, integrins, 

CADs, gap junction, 
ligand-gated cation
channels, UPR, p53

Morphoregulatory
Responses

patterning
proliferation 
apoptosis 

differentiation
adhesion
motility
shape

ECM remodeling



Edinburgh Mouse Atlas Project



http://genex.hgu.mrc.ac.uk/

Capturing data from EMAGE, GXD 
and the scientific literature

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



EXAMPLE: Pax6 network in eye development



VIRTUAL WORLD: open discussion forum led by 
Avatars in the virtual-reality world of ‘Second Life’

Source: Figure 1, Murray-Rust (2008) Chemistry for everyone. Nature 451: 648-651  
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Internet extends but does not replace 
a traditional learning environment

Herring explores whether the 
internet will obviate need for 
traditional print-based academic 
libraries … NOT!

pitfalls & prevarications of popular 
search engines and digitization of 
traditional print material

argues for library's staying power in 
face of technological advancement 

Dacus Library, Winthrop University
Macfarland & Company (2007)

ISBN-13: 9780786430826
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