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Biological applications of the next generation sequencing technologies (NGS) have been increasingly
expanding. In our laboratory, we have begun to develop a new approach that integrates NGS to
understand the structure-function relationship of adeno-associated virus (AAV) capsids, which remains
largely unknown. Recombinant AAV (rAAV) vectors are currently among the most promising and
frequently used viral vectors for human gene therapy due to their attractive properties including the
lack of pathogenicity and availability of a panel of alternative serotypes that possess higher
transduction efficiency than that of the conventional rAAV vectors. To further improve the current
rAAV vector systems and develop capsid-modified new rAAV variants with more desirable properties
for clinical applications, various approaches, such as DNA shuffling of the capsid genes and random
peptide display libraries, have been taken; however, the current approaches have limitations primarily
due to the lack of the knowledge about how the biological properties of AAV are determined. To
understand the system that governs the biological properties of AAV, we have proposed a new
high-throughput and biology-based approach in which we create barcoded AAV libraries and take
advantage of Illumina sequencing and the concept of systems biology. Here we show
proof-of-principle and the power of our new approach, named Barcode-Seq, in the AAV capsid
biology. In our barcoded AAV libraries, each different (i.e., mutants or various serotypes) AAV capsid
is tagged with a sets of two 12-nt DNA barcodes. First, using a library containing 100 different
barcoded plasmids, we demonstrated high correlation between digital read numbers obtained from the
Illumina sequencing and the quantity of DNA templates, over a 4-log range (R^2=0.91 to 0.98).
Second, a barcoded AAV virus library (i.e., a mixture of 100 AAV9 and 22 AAVx, x=serotype) were
produced and injected into mice intravenously. Then, in vitro transduction efficiency, blood clearance
rates, reactivity to neutralizing antibody, tissue transduction efficiency, and so on, were investigated by
Barcode-Seq analysis. We found that the digital reading of phenotypes readily revealed the distinctive
biological properties of different serotypes mixed in the library. A Monte Carlo simulation study
revealed that as low as 2-fold phenotypic change can be detected with P<0.05 and power>0.8 when an
experiment is done in triplicate using a library containing 8 barcoded control AAV and 2 each of
barcoded capsid-modified AAV of interest. Thus, our study establishes proof-of-principle of our new
approach and opens a new avenue to complete understanding of the capsid structure-function
relationship as a system. We are currently creating the comprehensive barcoded AAV9 mutant libraries
to begin to unravel the system by which a variety of AAV capsid phenotypes are determined.

