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Reproducibility Crisis

Professor David Donoho
Stanford University

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.
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Reproducibility Crisis in SynBio

Essential information for synthetic DNA sequences

To the Editor:

Following a discussion by the workgroup
for Data Standards in Synthetic Biology,
which met in June 2010 during the Second
Workshop on Biodesign Automation in
Anaheim, California, we wish to highlight
a problem relating to the reproducibility
of the synthetic biology literature. In
particular, we have noted the very small
number of articles reporting synthetic
gene networks that disclose the complete
sequence of all the constructs they
describe.

To our knowledge, there are only a few
examples where full sequences have been
released. In 2005, a patent
application’ disclosed the
sequences of the toggle
switches published four
years earlier in a paper by
Gardner et al.%. The same
year, Basu et al.* deposited
their construct sequences
for programmed pattern
formation into GenBank®.
Examples of synthetic DNA
sequences derived from
standardized parts that
have been made available
in GenBank include the
refactored genome of the bacteriovhage

gaps between key components are almost
never reported, presumably because they
are not considered crucial to the report.
Yet, synthetic biology relies on the premise
that synthetic DNA can be engineered with
base-level precision.

Missing sequence information in papers
hurts reproducibility, limits reuse of past
work and incorrectly assumes that we
know fully which sequence segments are
important. For example, many synthetic
biologists are currently realizing that
translation initiation rates are dependent
on more than the Shine- Dalgarno
sequence®. Sequences upstream of the
start codon are crucial for
translation rates, vet are
underreported. Similarly, it
has been demonstrated that
intron length can affect
the dynamics of genetic
oscillators®. Many more
such examples are likely to
eMmerge.

Because full sequence
disclosure is critical,
we wonder why the
commaon requirement
by many journals to
provide GenBank entries
tor eenomes and natural seauences has

and welcome contributions from the
greater community.
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Data Sharing
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The nonprofit plasmid repository




Data Standards: SBOL
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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
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Infrastructure: Repositories
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SBOLme is a repository of SEOL 2.0-compliant metabolic parts for metabolic engineering. Here, you can search for these biological parts from the SBOLme repository with

convenient criteria for composing biosynthesis systems.

Search for

Compound v

Filter By

Compound name or 1D ~

Value

Pyruvate, C00022, M

SBOLme ID KEGG ID Name

ME_R0OOQ06 RO000&

With this query, you cansearch for a
compound by its name or its IDs. The
acceptable IDs are the KEGG compound
IDs and the SBOLme compound IDs.

2-acetolactate pyruvate-lyase (carboxylating)

SynBioHub

SynBioHub is a design repository for people designing biological constructs. It

3 enables DNA and protein designs to be uploaded, then provides a shareable link to
allow others to view them. SynBioHub also facilitates searching for information about
existing useful parts and designs by combining data from a variety of sources.

Search for useful parts and designs

Q Gene or prote

Browse Public Designs

Upload your design for safekeeping

Submit a Design

Share designs for publication or collaboration

Manage Submissions



Infrastructure: Automation Software
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An open standard for life science experimental design and automation.

Formal Launch: 9AM (Kobe, Japan local time), 9th of May, 2019
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Community Content

>
~ YO U R' Have you ever wished your lab could jump into a using a

new organism, a new method, or a new piece of

LAB equipment without worrying that it will take months to
‘ ~ learn all of the associated lore and superstitions? [more]
|

Go to...

Executable Protocols

Step 3
Pipette 141 uL into
tubes 5926 and 5358
With Aquarium, your lab's protocols are represented as
executable code. Every formula, every inventory
interaction, and every step is computed on the fly, yielding
easy to follow instructions for your laboratory technicians.
[more]

Y P U p p eTe e r Laboratory Automation for Synthetic Biology



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)

The National Academies of
SCIENCES * ENGINEERING - MEDICINE

CONSENSUS STUDY REPORT  LEARN - Screening of activities with
| : machine learning

BIODEFENSE
IN THE AGE OF

Synthetic /

design capabilities
 REGISTER - Maintaining registries of
known expertise and materials

 SCREEN - Maintaining registries of
known biological threats

/ * CONSTRAIN - Systems to constrain

* TRACK - Tracking digital “signatures” in
genetic designs




	Unmet Data / Infrastructure /Computational Needs
	Reproducibility Crisis
	Reproducibility Crisis in SynBio
	Data Sharing
	Data Standards: SBOL
	Data: Novel Chassis
	Data Opportunities
	Infrastructure: Software Libraries
	Infrastructure: Repositories
	Infrastructure: Automation Software
	Infrastructure Opportunities
	Computational Support for� Design/Build/Test/Learn
	Slide Number 13
	Computational Opportunities
	Bio-security: Potential Opportunities for Improving Deterrence & Prevention Capabilities �(p. 130-131 of report) 

