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Abstract: DNA is the primary carrier of genetic information in various types of life forms. DNA synthesis is a
technology that enables the de novo generation of a blueprint for biological functions. It is one of the key generic

technologies in many areas of life sciences and the fundamental tool of biotechnology revolution. Distinct from
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conventional genetic engineering technologies that can only modify natural DNA, DNA synthesis technologies allow
limitless creativity for build of designed nucleotide sequence, rewriting of the organism's genetic information as well as
creation of synthetic genomes. Advancements in DNA synthesis have led to remarkable improvements in our ability to
understand and engineer biological systems. The process of synthetic creation of DNA involves synthesis of
oligonucleotide, assembly of multiple constructs together into longer DNA pieces and the associated error-correction
procedures to reduce errors produced during oligo synthesis and subsequent assembly. Here, we review current
advancements as well as some of the challenges in the technologies of de novo DNA synthesis, assembly, and error
correction. For over six decades, DNA synthesis technologies mainly rely on phosphoramidite chemical synthesis
methods which was first invented in the 80s. It has been adopted by both column-based and microarray-based oligo
synthesizers. New enzymatic DNA synthesis strategy is poised to revolutionize the field. Despite great potential and
recent groundbreaking developments, technical hurdles in enzymatic DNA synthesis methods including blocking
technology and protein engineering remain challenging. Due to the limits on length and error rates of the synthesis
processes, effective assembly and error correction technologies are required for production of long stretch of DNA.
With the rapid development of synthetic biology, there is an urgent and high demand for additional DNA synthesis
technologies to produce longer DNA constructs and even complete genomes. Advances in high-throughput, automated,

and integrated DNA synthesis technologies will create exponential rates of change in a wide range of fields.
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Fig.1 Reaction cycle for solid-phase phosphoramidite synthesis of oligonucleotide

[1—RiRy, A=A LSRR EAZEFRR S AL DMT (dimethoxytrityl) fR¥IEH], SKIGMT — P4 & R NNEE S 73, 22—

6, F TR CR 7 A% B R PR AR 5 DU S M AL AR T T AT e U v e v A (L 3 o 4 iS4k, RS 5552 DMT IR, 5ii

PRAP G A 5T R AR R AL ARG IR N, ST IREE M AT K — MK TR 3— NI, 4G RBLE, il CECRH RS SRR S R,
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[I—Deprotection. The dimethoxytrityl (DMT) ether capping group on the 5’ end of the previous nucleotide is removed to generate the 5’ end hydroxyl

group on the growing chain. 2—Coupling. The desired phosphoramidite monomer couples to the chain via the 5' end hydroxyl group generated in the

deprotection step. 3—Capping. Uncoupled 5’ end hydroxyl group is blocked by acylating molecules to prevent further reactions. 4—Oxidation. An

oxidizer agent is used to converte phosphite triester linkage to a more stable phosphotriester bond prior to the start of the next cycle. Cleavage: final

oligonucleotides are cleaved from their solid support at the end of synthesis]
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Fig. 2 The oligo synthesis cycle by TdT-dNTP conjugates mediated reversible termination

[TdT (terminal deoxynucleotidyl transferase) is specifically conjugated with the desired dNTP to form TdT-dNTP conjugate before the reaction

cycle. The conjugate is then incorporated into the 3’ end of the primer in the polymerization reaction. The subsequent deprotection reaction removes

TdT and unreacted TdT-dNTP conjugate to release the primer for next round of polymerization. The cycle is iterated to extend a primer by

a defined sequence ]
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Fig.3 Summary of general schemes of in vitro and in vivo DNA assembly

(Assembly of synthesized overlapping single-stranded oligos usually employ LCR and PCA based approaches. These assembly process turn oligos
into longer double-stranded DNA constructs which can then be further assembled into longer fragments by Gibson assembly and Golden gate. In vivo
assembly is typically achieved by feeding yeast cell with large fragments that have overlapping ends through transformation. The efficient DNA
recombination machinery eventually string the fragments for assemblies that span hundreds of thousands or even millions of bases)
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(Error rich DNA sequences are denatured and randomly re-hybridized
to expose the errors introduced during oligo synthesis and subsequent
assembly as bulging mismatches. The mismatches are then removed by
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