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APPLICATION NOTE

Accurately Synthesize Complex,
Linear dsDNA for In Vitro
Transcription with Ribbon Bio’s
Novel DNA-Assembly Approach

Ribbon Bio specializes in the synthesis of complex,
long, and highly accurate double-stranded DNA
(dsDNA) molecules that can be used in various
downstream applications. One such application

is the production of complex, linear, dsDNA for

in vitro transcription (IVT). When performing IVT,
the generation and characterization of sequence-
correct template DNA using traditional cloning
methods is time-consuming and labor-intensive.

Ribbon Bio expedites the generation of these
template sequences by assembling linear, adapter-
free, MiroSynth™ DNA molecules between 700-
12,000 bp for use in downstream IVT applications.

Ribbon Bio's unique assembly process yields linear
DNA molecules that are full-length, and quality
controlled for sequence accuracy using a high-

coverage NGS-verification method. Ribbon Bio is
committed to delivering linear IVT template DNA
products with an accuracy of 290% sequence-
correct molecules at any length.

This application note discusses the important

role of complex and accurate DNA in mRNA
vaccine research and development, and shares
key insights into how our methods are capable of
delivering some of the longest and most error-free
DNA in the market.



Introduction

The biotechnology and healthcare industries are
witnessing a surge of interest in mRNA technology, not
only in the realm of vaccines, but also in mRNA-based
therapeutics. While mRNA vaccines, such as those
approved for COVID-19, have been the most prominent
successes, numerous candidates are in clinical trials
as therapies for various cancers and cardiovascular
diseases. This growing demand for mRNA vaccines
and therapies has highlighted the need for more efficient
tools for the research and development of mRNA
molecules.

A key bottleneck in the generation of mRNA is the
production of linear template DNA, which is traditio-
nally achieved through molecular cloning in bacteria.
Template DNA is assembled using time-consuming
cloning workflows, starting with short, low-quality DNA
fragments that are pieced together and subcloned in
bacteria. Researchers must then identify a sequen-
ce-perfect clone, which is subsequently linearized and
purified before initiating the IVT reaction to produce
mRNA. This conventional assembly and IVT process can
take several weeks and creates a significant delay in the
development of therapeutic candidates. Additionally,
these processes rely on highly accurate synthetic DNA
templates, the quality of which directly impacts the
quality of the data obtained in preclinical studies.

Ribbon Bio's unique approach to MiroSynth™ DNA
assembly is based on three core capabilities: state-of-
the-art algorithmics, novel enzymatic assembly tools,
and adaptive automation.

Ribbon Bio's intelligent algorithm drives oligonucleotide
selection and hierarchical assembly of full-length
molecules. The continuous improvement of the algorithm
allows for ongoing optimization of the process, ensuring
high accuracy across all assemblies. Starting with

short oligonucleotide building blocks, Ribbon Bio's
proprietary enzymes drive perfect assemblies, and
smart automation integrates into the DNA synthesis
process to ensure accurate and efficient DNA assembly.
As a result, Ribbon Bio's platform delivers pristine
MiroSynth™ DNA molecules with the highest accuracy,
supporting a wide variety of applications that demand
precision-engineered DNA molecules.

Ribbon Bio's proprietary DNA assembly approach
expedites the production of linear, adapter-free,

dsDNA up to 12 kb, for use as template DNA in IVT
applications. By eliminating the need for tedious gene
assembly, cloning, and sequence verification, Ribbon Bio
dramatically reduces development times and simplifies
the creation of mMRNA vaccines and therapies by
delivering ready-to-use DNA templates.

Intelligent Algorithm

— Predictive design algorithm drives optimal
oligo selection and hierarchical assembly of
full-length molecules

— Continuously learns from each build to
improve efficiency and accuracy over time

— Streamlines design-to-build pipeline,
ensuring high success rates and faster

Unique Chemistries

Uses short, high-fidelity oligo building
blocks to enhance precision

Proprietary biochemistry and custom
enzymes enable scarless and adapter-free
assemblies

Designed for scalability across a wide
range of DNA constructs and applications

Smart Automation

— End-to-end automation ensures consistent
and reproducible assembly workflows

— Seamless integration of software, liquid
handling, and quality control systems

— Eliminates human error and accelerates
throughput for high-volume production




Methodology

Once the customer has submitted their Sequence Of
Interest (SOI), Ribbon Bio's algorithm-guided assembly
process begins by screening a customer’s SOI for
biosecurity compliance. The intelligent algorithm then

optimally splits the sequence into large DNA fragments.

Next, complexities are identified, and DNA fragments

assembled every time and molecules with the highest
accuracy and lowest error rates are delivered to
customers. Each MiroSynth™ DNA molecule assembled
by Ribbon Bio is delivered with an analytical QC report
so that customers can make informed decisions about
its use in their downstream applications.

are split based on pre-defined assembly criteria and
partitioned into short oligonucleotide building blocks

to minimize assembly complexity. Hierarchical assembly
and biochemical process instructions are then passed to
automation and pristine, full-length, MiroSynth™ dsDNA
molecules (linear or circular) are synthesized.

Ribbon Bio has designed its algorithm-guided assembly
process from the bottom up with highest accuracy in
mind, including the necessary Quality Control (QC)
steps. This ensures that pristine DNA molecules are

Ribbon Bio’s algorithm-enabled DNA assembly
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Your Sequence of Interest (SOI)
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Algorithmically guided DNA assembly of highly accurate DNA molecules
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Ribbon screens the
SOls for biosecurity
compliance and
optimally splits
sequences into large criteria.
framents.

Provides hierarchical
assembly and
biochemical process
instructions to
automation.

Identifies complexities
of the sequence
fragments based on
defined assembly

Partitions fragments
into short oligo
building blocks
minimizing assembly
complexity.

Production of pristine,
full-length, dsDNA
molecules (linear or
circular)

OUTPUT
Your Pristine DNA shipped




Discussion

In contrast to traditional DNA providers, where linear
DNA often contains only a fraction of correct sequences,
Ribbon Bio assembles DNA that is full-length, highly
complex, and possesses a high accuracy rate of >90%
of sequence-correct molecules.

Results from Ribbon Bio’s Early Access Program show
an average of 97% sequence-correct molecules at any
length*, overcoming the synthetic DNA bottleneck

100

by significantly reducing development times in
preclinical studies.

Ribbon Bio’s MiroSynth™ DNA molecules provide

such high sequence accuracy that they can be used
directly for IVT-based mRNA production, eliminating
any need for additional purification, as is the case

for DNA generated from traditional molecular cloning
techniques. This enables customers to get a jump start
on generating mMRNA for their downstream applications.
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Figure 1. Ribbon Bio produces the highest % of total correct linear molecules over an extensive range of gene lengths compared to competitors. The top
purple line represents the high accuracy rate of Ribbon Bio’s linear, MiroSynth™ DNA moleculess, which remains >97% regardless of length (data obtained
as part of Ribbon Bio's Early Access Program). Conversely, the bottom lines indicate a reduction in accuracy as gene length is increased for linear DNA
products from Company A, B and C (data obtained from each company’s respective website).

MiroSynth™ DNA
—available cell-free

Key Advantages of Ribbon Bio’s MiroSynth™ Linear DNA

7 Fully eliminate any non-essential sequences
from IVT DNA templates.

« Simplify processes by eliminating the need for
linearization and purification of plasmid DNA
before IVT.

7 Directly use the DNA template in downstream
applications, without the need for additional
purification or sequence verification.

| Conclusion

7 Accelerate faster revision cycles in
development processes to achieve target
mRNA vaccine or therapeutics in shorter time.

W Leverage industry-leading length, accuracy
and purity to achieve the highest quality data
in preclinical studies.

W Make informed decisions with the help of
transparent QC reports, providing clear insights
into the quality and utility of each DNA molecule.

Ribbon Bio delivers IVT template DNA faster and more efficiently than traditional DNA assembly methods.

By overcoming the conventional bottlenecks in DNA production, Ribbon Bio accelerates the research
and development of novel mRNA vaccines and therapies. With industry-leading length, complexity, and
accuracy, Ribbon Bio’s MiroSynth™ DNA molecules are optimized for immediate use in downstream
applications.

* Imperfections present in >1% of sequenced molecules reported.
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