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Reproducibility Crisis

An article about 
computational science in 
a scientific publication is 
not the scholarship itself, 
it is merely advertising of 
the scholarship. The 
actual scholarship is the 
complete ... set of 
instructions [and data] 
which generated the 
figures.

Professor David Donoho
Stanford University



Reproducibility Crisis in SynBio



Data Sharing



Data Standards: SBOL



Data: Novel Chassis

• Many parts used in synthetic biology come 
from or are initially tested in E. Coli.

• However, many applications require different 
bacteria or higher level organisms (i.e., yeast 
and other eukaryotic cells).

• Researchers use trial-and-error, since they 
cannot find reliable information about prior 
attempts.

• To scale, a wide range of data must be 
harnessed to assess confidence of success.



Data Opportunities

• Continue support of international standardization 
efforts, such as COMBINE and BioRoboost.

• Journals/funding agencies need to sufficiently 
incentivize data sharing (carrot and stick).
– Repeating experiments, especially negative ones, 

results in substantial waste of resources.
– Reproducibility and formalization of data need to 

demonstrate value and become part of the culture.
– Reviewers are key to achieve this goal.

• Promote the curation of well characterized part 
libraries in a variety of host contexts. 



Infrastructure: Software Libraries

Supported by NSF Grants:
DBI-1356041 and DBI-1355909



Infrastructure: Repositories



Infrastructure: Automation Software



Infrastructure Opportunities

• Library, repository, automation infrastructure 
used by many projects, but often limited or no 
direct support of this infrastructure.

• While open standard development may only 
require meeting support, more substantial 
investment is needed for infrastructure.



Computational Support for
Design/Build/Test/Learn
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Computational Opportunities
• While data standards have evolved to capture the entire 

design/build/test/learn workflow, computational tools have not 
kept pace.

• Sequence editors are well supported by industry:
– Benchling/SnapGene/Geneious

• Support is needed to promote the development of:
– Effective languages for specifying design requirements/constraints.
– Accurate multi-scale models that support automated abstraction.
– Functional design, modeling, analysis, and visualization tools that 

exploit the inherent stochastic behavior of biological circuits.
– Efficient methods for design space exploration using machine learning 

and other techniques.
– Interfaces that can easily fit into existing experimental workflows.

• Need to change focus in the bioengineering curriculum from trial-
and-error experimentation to in-silico design and automation.



Bio-security: Potential Opportunities for 
Improving Deterrence & Prevention Capabilities 

(p. 130-131 of report) 

• LEARN - Screening of activities with 
machine learning 

• CONSTRAIN - Systems to constrain 
design capabilities 

• REGISTER - Maintaining registries of 
known expertise and materials 

• SCREEN - Maintaining registries of 
known biological threats 

• TRACK - Tracking digital “signatures” in 
genetic designs 
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