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Discovery & development need to evolve to fully realize the promise of mRNA Vaccines
Synthetic mRNA platforms came into focus during the COVID-19 pandemic with the race to deliver critical vaccines to 
market and combat the ongoing spread of disease. mRNA had been on the sidelines for decades owing to unaddressed 
limitations, but independent advances made in the fields of vaccine design, structural vaccinology, synthetic biology and 
vaccine adjuvants came together to deliver the most-widely demonstrated example of successful mRNA platforms with the 
COVID-19 vaccines in 2020.1 While these recent developments as well as other inherent benefits of mRNA such as safety 
(no infectious elements involved in the production), speed (overall development timelines) and efficacy (ability to target 
humoral and cell mediated immunity) have catalyzed the growth of mRNA as a vaccine platform, challenges remain to be 
resolved in order to realize the full potential of mRNA.2

For instance, stability of mRNA-based vaccines requires improvement to enable convenient vaccine distribution where 
reliable and long-term dependence on cold chain storage is a challenge. In addition, the search for drug delivery systems 
and vectors to improve expression with extended half-life can positively impact the dosage as well as potential off-target 
effects for vaccines.3  Finally, with the exponential growth mRNA as a platform for vaccines and other therapeutics, there is 
a need for optimization of the process for mRNA synthesis to enable scalable production of discovery grade mRNA.

This white paper addresses the challenges of current mRNA synthesis solutions in discovery and their potential impact on 
product development timelines and workflow efficiency as well as the extent to which we can exploit the flexibility and 
precision of vaccine design with mRNA platforms.

Conventional mRNA synthesis options are limiting vaccine discovery
mRNA vaccines are an attractive platform for both cancer as well as infectious diseases. Owing to a faster, simpler 
development process, mRNA-based vaccines can potentially help address rapidly spreading disease by infectious agents, 
saving millions of lives or help patients with cancer overcome tumor resistance and improve clinical outcomes by enabling 
personalized treatments.

Addressing the rate-limiting step in mRNA vaccine 
screening workflows

Overview
• mRNA technology offers a promising opportunity for advancing vaccines but as an emerging platform, optimization of 

discovery and development workflows is key to realizing their full potential. 

• Traditional mRNA synthesis options are rate-limiting for early vaccine discovery workflows, with long lead times 
delaying progress in candidate screening.

• Leveraging automated mRNA synthesis solutions can drive efficiency, enable speed and throughput and promote 
optimization of vaccine candidates, empowering researchers to maximize the benefits of mRNA platforms.
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However, discovery workflows for mRNA need to be further optimized in order to consistently achieve these objectives. 
The first step in discovery is the screening and validation of lead vaccine candidates. This process can take weeks or 
months to complete, and delays can greatly impact the overall vaccine development timeline, particularly where iterative 
cycles of sequence optimization and testing are necessary to select the the most potent candidate. 

This screening workflow starts with prediction and design of lead sequences, followed by generation of the candidate 
mRNA sequences and finally testing or validation of immunogenicity.  

“The goal of our research is to develop novel mRNA therapeutics to rare genetic diseases. 
We are committed to doing so quickly and effectively; however, we are restrained by the 
large amount of time it takes from design to assessment of the new therapeutic.”

BORIS RESNICK, Ph.D
SCIENTIST, MRNA THERAPY RESEARCH, ULTRAGENYX PHARMACEUTICALS

On the one hand, recent sequencing advances and bioinformatics-based immunogenicity prediction have tremendously 
accelerated the ability to predict candidate vaccine sequences. Similarly, downstream candidate expression analysis and 
immunogenicity assessments can take as little as 1-2 weeks for initial testing in vitro and have predictable timelines. In 
contrast, obtaining the candidate mRNA sequences necessary for this testing is often dependent upon long lead times for 
mRNA or DNA template synthesis by the selected service providers, and could be as long as 11 weeks. 

As a result, the key step that determines the length of this workflow is the synthesis of mRNA for testing. Lead times for 
acquiring synthetic mRNA are highly variable ranging from several weeks to months depending on sequence complexity, 
length and yield.

Traditional mRNA synthesis options are rate limiting for vaccine discovery
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Current options for mRNA synthesis platforms
Today, most researchers rely on mRNA synthesized directly from a service provider or acquire synthetic DNA from the 
provider to serve as the template for in vitro transcription reactions to synthesize mRNA. The former is both the most 
expensive and least labor intensive,  but is plagued by lengthy and unpredictable turnaround times when it comes to 
longer or more challenging sequences.  In other cases, researchers obtain only synthesized DNA fragments from a service 
provider and then manually perform all of the downstream template assembly, in vitro transcription and additional process 
steps themselves to produce the final synthetic mRNA. With this option, the researcher retains the most control over the 
speed and efficiency of their workflow but has the additional burden of completing numerous manual workflow steps to 
produce the final product. Moreover, with mRNA being susceptible to degradation by RNases, this workflow often requires 
the commitment of skilled researchers to ensure consistent and quality results.

Optimizing vaccine discovery workflows with a new paradigm in mRNA synthesis
Codex DNA’s novel solution to overcome these synthesis challenges leverages automation technology to deliver 
accelerated efficiency in mRNA vaccine discovery screening. The BioXp™ system is a synthetic biology benchtop 
workstation designed to produce mRNA overnight in a hands-free, automated workflow. This puts control back in the hands 
of researchers and enables one to go from digital sequence straight to synthetic mRNA needed for testing in just days, 
eliminating weeks or months of wait time.

Accelerate vaccine screening through synthetic biology automation

• Submit design sequences • Receive kit 

• Load the BioXp™ system

• Retrieve capped, tailed 
and purified synthetic 
mRNAs for screening

• Retrieve template DNA 
for reference banking

Template DNA

mRNABuilds synthetic mRNA in ~ 18 hours

AGCGUAUGCGC
UGACGUGCGAA
UCAUGGCGCGU
CACAGCUAAUC
GGGUGGCGG

This solution enables synthesis of up to 16 unique mRNA’s with each run, empowering researchers to rapidly screen 
through designs and identify lead vaccine candidates for further characterization. With the ability to test candidates quickly, 
one can further optimize and iterate on designs to fully exploit the precision and flexibility offered by mRNA vaccine 
technology. Additionally, the rapid automated synthesis frees up time for researchers to deploy towards other valuable 
tasks removing another barrier to entry for groups considering the benefits of mRNA-based therapeutic platforms. 

http://www.codexdna.com


Page 4 of 4
Part number 45094  |  Revision 1.0  |  Effective 03AUG2022
© 2022 Codex DNA, Inc. All rights reserved.

A comparison of multiple mRNA synthesis workflows by RNAimmune, an innovative biotechnology company with over 20 
years of experience in mRNA technology, revealed the power of the BioXp system in accelerating their discovery process. 
In their hands, the standard mRNA synthesis workflow on the BioXp system enabled the start of in vitro testing in less than 
2 weeks, boosting both speed and throughput of their discovery workflow. They also leveraged the 2-fragment cloning 
workflow on the BioXp™ platform to synthesize and clone the plasmid DNA template encoding the challenging COVID-19 
Omicron Spike protein sequence in just 13 days. In their comparison of workflow time for generating sequence verified 
clones for the spike protein, they found the BioXp plasmid synthesis workflow was 44% faster than plasmid synthesis 
through a service provider or 35% faster than manual assembly and cloning from synthetic DNA fragments. 

“In our current work identifying mRNA vaccine candidates for infectious diseases, we are 
always looking for ways to enhance our efficiency. One of the bottlenecks we identified 
has been the challenge in building or obtaining synthetic constructs for rapid candidate 
screening. By using BioXp™ automated system, we were able to achieve greater speed 
and throughput in our screening process.”

DAVID M. BROWN, Ph.D
ASSOCIATE DIRECTOR RNAIMMUNE, INC.

Empowering researchers to accelerate discovery
In summary, a key rate limiting variable for this early discovery process is the ability to procure synthetic mRNA for testing 
of potential vaccine candidates. However, it is possible to realize the full potential of mRNA as a platform for therapeutic 
and prophylactic discoveries by leveraging the advances in synthetic biology automation to resolve this bottleneck. This 
is particularly important for developing prophylactic vaccines in response to emerging infectious pathogens where weeks 
and months gained could translate to millions of lives saved globally. In addition, mRNA vaccines have become a promising 
platform for cancer immunotherapy and can support the rapid generation of personalized or targeted vaccines encoding 
tumor specific antigens to precisely target and destroy malignant cells in patients with therapy resistant tumors. In an 
industry facing challenging timelines to deliver impact, efficient next-generation synthetic biology solutions can be an 
enabler and differentiator. 

Find out how automating smRNA synthesis can accelerate your vaccine discovery workflows.  
Visit codexdna.com/mRNA-synthesis
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