
 

Figure 1: Utilization of 5S methodology at a molecular 

biology workbench 
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ABSTRACT  
By framing gene synthesis as a manufacturing problem, it is 

possible to utilize common Industrial Engineering (IE) principles 

that have been applied to numerous macroscale systems in the 

burgeoning realm of DNA fabrication. These techniques have 

been successfully employed in an academic research laboratory 

and include: the implementation of the 5S methodology to reduce 

wasted resources; the introduction of process standardization and 

awareness, both at the system and discrete process level; and the 

use of process mapping tools to encourage best practices. The 

direct results of this collaboration between IE and gene synthesis 

are the continual improvement of processes in the academic 

research labs. The long-term impact is a scalable approach, both 

in design and organization, of gene synthesis enterprises for 

academic and large-scale industrial biotechnology laboratories. 
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1. INTRODUCTION 
Gene synthesis has produced some of the most exciting vaccines, 

biomaterials, and knowledge related to the physical understanding 

of cell functions [1].  Industrial engineering (IE) has served as a 

method of improving efficiency and reducing costs in almost 

every manufacturing sector. One area of particular emphasis 

within IE has been the improvement of processes through a 

variety of tools. Lean manufacturing and six sigma have begun to 

permeate the molecular biology domain [2; 6]. Unfortunately, the 

full potential of these lean tools and IE principles in general, has 

not been widely realized. Here, we address the use of the 5S 

methodology, both in an industrial setting and a molecular 

biology laboratory, and discuss the potential uses of process 

mapping to better understand gene synthesis.  

 

2. LEAN MANUFACTURING 

2.1 5S in Manufacturing 
Reduction of waste and elimination of non-value adding steps is 

at the core of lean manufacturing. One particularly effective first 

action in many waste reduction efforts is the 5S program. The 5S 

methodology is prevalent in manufacturing settings as a means of 

ensuring a safe workspace, as well as decreasing non-value added 

time. The 5 “S’s” represent: sort, straighten (set in place), shine, 

standardize, and sustain [3; 5]. Implementing this technique 

requires a thorough evaluation of all items in a workspace to 

determine if each item is needed, or if multiple items could be 

combined in a more logical order (sort). Each element in the 

workspace must have a proper storage location which is both 

accessible and sensible (straighten). Another key is to clean the 

workspace, and include praxes encouraging worker ownership of 

their station (shine). By standardizing the workspace, each station 

should be similar and allow any worker to enter the space and 

operate efficiently. Sustaining is probably the most difficult stage 

of the process, but is the key to continual improvement of the 

system. The 5S approach is proven in manufacturing settings, but 

can also be directly applied in an academic research-based gene 

synthesis laboratory.  

2.2 5S in the Molecular Biology Laboratory 
The 5S methodology in an academic research laboratory can be 

carried out in a number of ways. One such approach is that each 

individual workbench can be standardized and organized in a 

fashion to promote efficiency and ease of use. An example of this 

implementation is shown in Figure 1. This is one of eight identical 

workbenches, allowing any technician to know where all materials 

are located at any given workstation. This standardized and 
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orderly attitude promotes seamless day-to-day operations, since 

no individual “owns” a station. In this application of 5S, each 

piece of equipment is boxed with color-coded tape to denote the 

location of each item in the workspace. This helps reduce clutter, 

and ensures the appropriate items remain at a given workstation. 

In order to assist practitioners in their 5S implementation, a kit 

has been developed for incorporating this methodology in 

academic research laboratories with a wealth of resources and 

information [http://dx.doi.org/10.6084/m9.figshare.686080]. 

 

3. PROCESS MAPPING 

3.1 Process Understanding 
At the core of any product being mass-produced, there is a series 

of steps or processes which define how this product is made. One 

technique used to better understand the order and flow of 

materials and resources through a system is process mapping. 

Business, manufacturing, and software development commonly 

use process mapping to understand the interactions between 

various entities within a system [4]. However, process mapping 

can also help depict the decisions which must be made across a 

series of different steps. As a visual tool, this tactic is key in the 

identification of crucial steps in a flow of processes, or in 

particularly troublesome stages to a complex assembly. 

3.2 Process Mapping in Gene Synthesis 
Due to the sophisticated and intricate nature of constructing DNA 

through gene synthesis, process mapping can be a valuable tool to 

better understand the protocols used in molecular biology. A 

simple example of process mapping is found in Figure 2, 

depicting the relatively straightforward step of verifying the 

sequence of a series of clones by Sanger sequencing. The specific 

aspects of the map include the preparation, shipping, and analysis 

of a previously synthesized sample. In spite of the task’s 

simplicity, the map contains 24 distinct process elements with six 

iterative decision loops. Translating a full gene synthesis protocol 

would require a significantly larger number of process elements. 

The complexity of this example illustrates the need for process 

understanding in gene synthesis.  

 

Process mapping helps to standardize the operation and establish 

the best method of executing a particular protocol. The process 

map can also serve as the baseline for the creation of standard 

operating procedures (SOP). Creating SOPs for various processes 

encourages each technician to carry out a task in a similar manner. 

These SOPs can also be used to improve the methods used to train 

new technicians in a systematic program. Standardizing the 

process helps eliminate human errors and decrease variation. 

Mapping a process can also reduce the amount of time needed to 

complete the operation, since the most efficient and appropriate 

techniques can be chosen in advance.  Process mapping helps 

ensure the uniformity and efficiency of key processes and can 

show marked improvement in gene synthesis operations.  

 

4. CONCLUSIONS 
For almost ten years synthetic biologist have stressed the potential 

benefits of standardization in the life sciences. Up to this point 

most efforts focused on the standardization of assembly methods 

and data exchange. We demonstrated that it is possible to 

standardize the organization of the workspace. We also show that 

process mapping is the first step toward the standardization of 

entire laboratory processes. We hope to demonstrate that this 

approach inspired by lean manufacturing can result in substantial 

gains of productivity of DNA fabrication facilities operating in 

academic, governmental, and corporate environments.  
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Figure 2: Process map of sequence verification by Sanger sequencing 

 


