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Discovery of a number of naturally occurring new AAV serotypes showing altered tropism or other
distinctive biological features has significantly increased usefulness of AAV vectors and broadened
their applications in gene therapy. Serotype 9 (AAV9) is one of the most attractive serotypes due to its
high transduction efficiency in various organs including the heart and liver. However, challenges
remain in its promiscuous tropism. In particular, AAV9 exhibits a high degree of liver transduction
even when non-hepatic organs are the sites for gene delivery. Also, a study has demonstrated a
potential risk of rAAV-mediated genotoxicity leading to hepatocarcinogenesis. Therefore, for
successful gene therapy, it is important to develop new AAV vectors that have the ability to avoid
significant off-target transduction. A body of evidence has demonstrated that AAV capsid protein
primarily determines its biological properties; however, it remains largely unknown how the AAV
phenotypes are determined based on the capsid amino acid sequence. To comprehensively understand
the AAV capsid amino acid sequence-phenotype relationships and create next generation rAAV
vectors, we have recently established a novel high-throughput system, named “AAV Barcode-Seq”
(Adachi K. et al., BP-1, JSGT 2011). The AAV Barcode-Seq takes advantage of DNA barcoding and
Illumina sequencing technologies, and generates massive volumes of AAV capsid amino acid
sequence-phenotype relationship data with minimum time and effort. Here we show our initial set of
the results obtained from the AAV Barcode-Seq analysis that investigates various tissue transduction
efficiencies of a series of AAV9 mutants in mice. We have produced a total of 191 double
alanine-mutated AAV9 to scan the entire region of the carboxy-terminal half of the AAV9 capsid
corresponding to the amino acid (aa) positions 356 through 736. These mutants were split into 3
libraries that also contained AAV9 and AAV2R585E reference controls. Mice were injected with these
libraries intravenously, and a total of 12 tissues including the brain, heart, and liver were harvested at
6-8 weeks post-injection (n=3). The total DNA was extracted from each tissue and subjected to the
AAV Barcode-Seq analysis. The AAV Barcode-Seq involves the following procedures: PCR
amplification of the virus barcodes in each sample, making a mixture of all the PCR products and
Illumina sequencing of the mixture followed by profiling the barcode-ome, the total set of virus
barcodes, to digitally quantify viral genomes of each mutant in each sample. As a result, we found that
several double alanine mutants exhibited significantly decreased transduction efficiencies in several
tissues compared to wild type AAV9. The AAV9 mutants containing a double alanine mutation within
a stretch of the amino acids (i.e., aa positions 562-567) transduced the spleen, kidney and pancreas
relatively well while transduction was impaired in other tissues including the brain, heart and liver. The
AAV9 mutant, AAV9Q590A, showed an approximately 30-fold decrease in liver transduction
efficiency compared to wild type AAV9, while the degree of transduction was comparable to that of
the wild type in the brain and heart. These observations demonstrate that tissue detargeting could be
achievable by a simple amino acid substitution in the capsid and such mutants could successfully be
identified by the AAV Barcode-Seq. Thus, the AAV Barcode-Seq not only opens a new avenue to
comprehensive understanding of AAV capsid biology but also offers a powerful means to build an
intellectual basis for the development of next generation rAAV vectors with the most desirable
biological properties.

