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Abstract: The accurate and efficient retrieval of data from an oligonucleotide pool is crucial for enhancing the practi-
cality of DNA information storage systems. Currently, PCR amplication is widely used as an information retrieval
method due to its advantages, such as its advanced technological nature, ease of operation, and low cost. This
method retrieves information by specifically binding primers to primer binding sites in the target DNA sequences,

followed by amplification. However, a lack of primer orthogonality most likely leads to nonspecific binding,

resulting in errors. To improve the accuracy of DNA storage information retrieval, this study proposed a novel method
for designing primers that enable low-interference information retrieval. It consisted of three main components:

random primer generation, the design of weighted Hamming distance for primers, and screening of primers with
strong orthogonality. First, primers that met basic primer design rules such as Cgc, homopolymer length, melting
temperature, and Gibbs free energy were randomly generated. Then, the weighted Hamming distance was designed
to ensure a more accurate measurement of primer orthogonality. Finally, a fully-coupled network with primers as
nodes and weighted Hamming distances as paths was constructed. From this complex, primers with strong or-

thogonality were selected using a network path optimization strategy, thereby reducing the likelihood of errors. The
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experimental results confirmed that these primers were more orthogonal than those obtained using traditional

methods, reducing the risk of false retrieval by about one-fifth. Thus, they effectively improved the accuracy of

DNA storage information retrieval and advanced the practical applications of DNA information storage systems.

Keywords: DNA storage; information retrieval; primer; primer orthogonality
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Fig.1 Schematic of information retrieval in DNA storage based on primer design with strong orthogonality
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