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pLX vectors and JoinTRYV simplify plant virus engineering and
heritable CRISPR/Cas9 editing of plant genomes
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ABSTRACT

Plant viruses have been exploited in multiple biotechnology and synthetic biology
applications as varied as biopharmaceutical production, flowering induction and accelerated
plant breeding, transient crop reprogramming, or heritable mutagenesis of crop genomes.!™

Viral vectors allow delivery of CRISPR/Cas components into human and plant cells, and
to recover cells with mutations at the desired genomic loci. Recent advances for crop trait
engineering include the use of viral vectors for multiplexed single-guide RNA (sgRNA)
delivery into Cas-expressing transgenic hosts, for delivery of Cas nucleases and sgRNAs, and
for delivery of cell-to-cell mobile sgRNAs.>!! Generation of virus infectious clones and viral
vectors is nonetheless a major bottleneck that can limit applications of virus-derived tools for
plant cell reprogramming and crop trait engineering.

To streamline assembly of plant virus construct and viral vector engineering, we developed
pLX, a set of mini binary T-DNA vectors (~3 kb) suitable for advanced cloning methods.!? They
have allowed one-step assembly of infectious clones of RNA and DNA viruses which were
successfully delivered into plants by Agrobacterium-mediated inoculation.'® Synthetic
genomics approaches facilitate flexible hypothesis testing and rapid product development. To
assist their adoption by plant virologists and biotechnologists we conceived SynViP, a rationally
designed synthetic genomics framework with plant virome capacity. The framework can be
used with linear and circular DNA molecules, does not require subcloning steps, and is
insensitive to fragment terminal sequences. SynViP was successfully used to rescue a genuine
plant virus based on a digital template.'*

We further developed JoinTRYV, a novel plant expression system based on pLX and tobacco
rattle virus. JoinTRV consists of a single Agrobacterium clone co-transformed with two
compatible mini binary vectors from which the TRV RNA1 and an engineered version of TRV
RNA2 are expressed. Our system allowed recombinant protein production in plants, and robust
virus-induced gene silencing (VIGS) of endogenous transcripts using bacterial suspensions at
very low optical densities. JoinTRV-mediated delivery of sgRNAs in Cas9 transgenic hosts
allowed somatic cell editing efficiencies of ~90%, as well as the visual detection of somatic
cells with functional loss of the targeted genomic loci implicated in the carotenoid biosynthesis.
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Of note, JoinTRV allowed CRISPR/Cas9-mediated heritable plant genome editing and tissue
culture-free rescue of mutant progeny. Mutations at targeted loci were identified in more than
half of the seedlings originating from Cas9-transgenic plants inoculated with a JoinTRV system
that expressed sgRNAs fused to cell-to-cell mobile sequences. '’

Novel methodological concepts for biosystems engineering are necessary to meet the
ever-increasing human needs. Our pLX vectors and JoinTRV with proven flexibility and
robustness will facilitate engineering and prototyping of next-generation viral vectors for
crop trait reprograming, ad hoc plant genomic manipulation or new product development.
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