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Supplementary Table 1. Glossary 

Term Definition 

standards Set of agreed upon and adhered to technical definitions and guidelines that increase 
industrial and scientific productivity1. 

core data model “Representation of computer system objects together with their properties and 
relationships” (http://en.wikipedia.org/wiki/Data_model). 

data standard Standardized data model for a subject domain, i.e. synthetic biology. In this 
manuscript we describe a data standard in contrast to other standards being 
developed in the field of synthetic biology, such as reference, functional, and 
composition standards2,3. 

RDF standard “Standard model for data interchange on the Web. RDF has features that facilitate 
data merging even if the underlying schemas differ, and it specifically supports the 
evolution of schemas over time without requiring all the data consumers to be 
changed” (http://www.w3.org/RDF/). 

XML 
serialization 

Process of converting data to an XML format that can be stored in a file or 
transmitted across a computer network. For more details see 
(http://en.wikipedia.org/wiki/Serialization). 

standard 
exchange format 

Standardized data format to convey information in a consistent, computer-readable 
format so that it can be read directly by applications. SBOL defines a strict XML 
format, compatible with RDF, to enable exchange of synthetic biology designs. 

Synthetic 
Biology Open 
Language (SBOL) 

SBOL is a data standard in synthetic biology used to exchange designs. SBOL provides 
both a standard data model and exchange format to represent and consistently 
transfer designs among scientists. SBOL visual is used to diagram such designs.  
 

DNA segments Within SBOL, we consider DNA regions as elements of design for DNA circuits4, 
analogous to electrical circuits5. This conceptualization of DNA segments as an 
element of design is a level of abstraction used to form the basis of engineering 

http://en.wikipedia.org/wiki/Data_model
http://www.w3.org/RDF/
http://en.wikipedia.org/wiki/Serialization


synthetic biological systems6.  

DNA component “A DNA component represents a segment of DNA that serves to abstract the DNA 
sequence as an individual object, which can then be manipulated, combined, and 
reused in engineering new biological systems.”7 
 

promoter “A regulatory_region composed of the TSS(s) and binding sites for TF_complexes 

of the basal transcription machinery.” 8 

protein coding 
sequence (CDS) 

“a contiguous sequence which begins with and includes a start codon and 
ends with and includes a stop codon.”8 

transcriptional 
terminator 

“The sequence of DNA located either at the end of the transcript that causes RNA 

polymerase to terminate transcription.” 8 

Collection “Organizational container, a group of DnaComponents.”7 

Sequence 
Ontology (SO) 

“Set of terms and relationships used to describe the features and attributes of 
biological sequence” (http://www.sequenceontology.org/)9,10 

Unified 
Modeling 
Language (UML) 

“Standardized (ISO/IEC 19501:2005), general-purpose modeling language in the field 
of software engineering. The Unified Modeling Language includes a set of graphic 
notation techniques to create visual models of object-oriented software-intensive 
systems.” (http://en.wikipedia.org/wiki/Unified_Modeling_Language) 

XML-Schema 
(XSD) 

“XML Schemas express shared vocabularies and allow machines to carry out rules 
made by people. They provide a means for defining the structure, content and 
semantics of XML documents.” (http://www.w3.org/XML/Schema) 

extensions Optional modules added to the core data model. 

assembly 
[extension] 

Physical construction of DNA molecules. 

modeling 
[extension] 

Qualitative and quantitative behavior of devices and systems, especially the 
interactions between the components used in a design. 

visualization 
[extension] 

Graphical notation that supports the description and specification for communicating 
designs. 

experimental 
data [extension] 

Data and information about measurements to test performance of a device or 
system. 

context  
[extension] 

Physical and experimental context necessary to replicate the function of a synthetic 
biological system 

Systems Biology 
Markup 
Language 
(SBML) 

 “Interchange format for computer models of biological processes”. (http://sbml.org) 

Systems Biology 
Ontology (SBO) 

“Set of controlled, relational vocabularies of terms commonly used in Systems 
Biology, and in particular in computational modeling”. 
(http://www.ebi.ac.uk/sbo/main/) 

devices (Re)usable portion of functional or behavioral design, enabling annotation, 
composition and experimental characterization. 

systems Structure, behavior, and relationships of interacting components forming an 
integrated whole.  

 

 



 

Supplementary Table 2. Differences and similarities of SBOL and GenBank flat file format 

Both GenBank format and SBOL 

Describe a contiguous piece of sequence 

List areas of biological significance, such as coding regions, transcription units, etc. 

Can be used as a file to export and import sequence 

GenBank format SBOL Comment 

Existing molecule 
sequenced. 

New designed sequence.   The use cases each was developed to satisfy 
are different. GenBank format was made for 
the results of DNA sequencing, while SBOL is 
made for designing a new DNA sequence. 
For example, SBOL DNA Components are re-
used to specify a new design while retaining 
the identity and information about 
properties of its subcomponents.  

Maintained by established 
consortium, the 
International Nucleotide 
Sequence Database 
Collaboration (INSDC), for 
very focused and fixed 
purposes. 
 

The core data model serves 
as connecting point for 
extensions. Optional 
modules can be added and 
are ignored by default in 
software applications that 
do not support a specific 
extension. This behavior 
allows an SBOL compliant 
software tool to gracefully 
bypass an unsupported 
extension.  

While, it is possible to add new conventions 
within GenBank formatted files, ad hoc 
additions would make the approach fragile. 
For example, software which does not 
conform to the modification would not read 
the file properly.  It is less likely that these 
formats would be altered to satisfy evolving 
requirements for synthetic biology. For 
example, information about computational 
models, devices, and systems are outside of 
the scope of GenBank format files. 

Primarily defined to serve 
as a human readable 
format to display GenBank 
entries. A secondary 
consideration is its 
machine readability and 
consistent interpretation. 

Defined as a data exchange 
standard, with a specified 
format that is machine 
readable by SBOL 
compliant software and 
any software capable of 
reading RDF. To avoid 
ambiguity SBOL leverages 
terms defined by the 
Sequence Ontology (SO). 

The GenBank format has been used 
extensively outside of its original goal to 
serve the DDBJ/EMBL/GenBank repositories. 
Interpretation of files generated by other 
sources can be ambiguous when read by 
software tools. For example, software tools 
such as, A plasmid Editor (ApE)11, use the 
‘misc_feature’ Feature Key by default and 
result in this ambiguous feature’s extensive 
use in many files generated by the software. 

Assumes the DNA 
molecule already exists, as 
a single, complete 
molecule. Any unknown 
segments are the result of 
incomplete sequencing; 
intentional or not.  

Accounts for partial 
designs, intermediate 
stages of design, by 
allowing the DNA sequence 
of a DNA component to be 
optional.  

One could develop a convention for 
GenBank files interpreting sequences with 
N, as incomplete. However such a 
convention would create ambiguity as to 
whether the sequence is intentionally 
omitted, unspecified, or the result of 
incomplete sequencing. 

Features are defined in 
terms of their position on 

The explicit hierarchical 
composition allows for a 

Results of DNA sequencing, such as in 
GenBank format, do not have a natural 



the sequence specified by 
the sequence data field; 
these do not specify a 
hierarchical relationship 
among each other.  

combination of DNA 
segments, subcomponents, 
to make up a complete 
design.  

hierarchy. In SBOL, a new DNA sequence can 
be composed from multiple 
subcomponents. Since a DNA component 
with subcomponents can be used in a new 
design, multiple levels of hierarchical 
composition are possible. 

No explicit mechanism for 
groups of GenBank 
entries. 

Collection data structure, 
which allows DNA 
components to be grouped 
by the synthetic biologist 
into meaningful libraries or 
catalogues of components. 

Multiple GenBank entries can be 
concatenated in a single file. However, no 
explicit semantics are attached to such 
groupings. 
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Name Affiliation con-
ceived 
the idea 
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supervised 
deploy-
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