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DNA-stabilized silver nanoclusters (AgN-DNAs) are highly tunable fluorescent nanomaterials 
whose optical properties are programmed by DNA sequence. AgN-DNAs consist of tiny 
clusters of only 10-30 silver atoms encapsulated within short DNA oligonucleotides. Because 
of the nucleobase-specific interactions of DNA with silver, AgN-DNAs exhibit genomic 
properties that are unique to nanoclusters: DNA sequence encodes the size, N, and 
fluorescence color of an AgN-DNA, enabling emission colors to be programmed across a 
wide spectral range, from 400 nm up to at least 1000 nm.[1] AgN-DNAs with emission in the 
NIR are highly promising for bioimaging, particularly in the second NIR window (NIR-II, 1000-
1700 nm) where light can penetrate biological tissues up to several centimeters in depth. To 
develop AgN-DNAs in this spectral window, it is crucial to determine the “sequence-structure-
property relationships” of these nanoclusters. 
Discovery of new NIR AgN-DNAs has been hindered by the large number of potential DNA 
sequences and the complex relationship between sequence and cluster formation. With only 
a handful of AgN-DNA crystal structures resolved to date, a data-driven approach is needed 
to determine how DNA sequence programs AgN-DNA color. We are harnessing high-
throughput experiments together with machine learning (ML) to solve the AgN-DNA genome. 
High-throughput AgN-DNA synthesis and spectroscopy is used to build data libraries that 
correlate DNA sequence to fluorescence color. In tandem, high-resolution mass 
spectrometry (MS) is used to determine the composition of purified AgN-DNAs, including 
atomic size and charge of the AgN and the number of DNA strands per cluster. Then, we 
develop chemically informed ML algorithms that learn how sequence correlates to color, 
identifying select DNA sequence patterns correlated to nanoclusters of different sizes and 
fluorescence wavelengths.[2] With this ML model, we demonstrate design of DNA sequences 
that template AgN-DNAs with programmed NIR fluorescence. Our ML model is general to 
many types of DNA sequence-encoded materials and systems. 
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Fig. 1. Schematic of the rational design of new AgN-DNAs, involving high-throughput synthesis and 

fluorimetry, and machine learning algorithms. 
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