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ABSTRACT 

Novel methodological concepts for scalable engineering of biosystems are necessary to meet the 

ever-increasing human needs. Humans directly exploit wild and domesticated plant species for food, 

energy, biomaterial and biomolecule production. Engineering of novel, useful traits in crops is critical 

for sustained food security; traditional breeding approaches are nonetheless time and cost consuming.1,2 

Plant viruses have been used in multiple plant 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.3–5 Agrobacterium-mediated inoculation 

(agro-infection) is the most universal and efficient way to deliver plant viruses and their derived 

expression vectors to plants. Agro-infection requires T-DNA binary vectors harboring viral genomic 

sequences whose assembly can pose technical challenges since no standardized cloning frameworks are 

available. 

Biological sequences including those of viruses are known to have non-random compositional 

tendencies, such as biases in nucleotide contents, dinucleotide frequency, and codon usage.6–11 

Here, I hypothesized that identification of nucleotide compositional biases in biological sequences 

could be exploited to guide the rational design of enhanced synthetic genomics systems. Viruses are 

simple biological entities and, to test my hypothesis at a multispecies level, a reference plant virome that 

includes 2044 accessions grouped into 34 taxonomic families was used. Global sequence analyses 

showed a virome guanine + cytosine content (%GC) of 42%; it ranged from 31.48% to 58.22%, per 

taxonomic family. To identify local compositional biases the virome sequences were searched with 

complete non-redundant oligonucleotide sets that were generated by random union of 3 to 8 

mononucleotides. The oligonucleotide sets were classified by size and %GC, and their abundance was 

computed. Results showed that, within size classes, abundance of an oligonucleotide in the plant virome 

is significantly, negatively correlated with its %GC (-0.948 < r < -0.997, per size class). The identified 

local %GC biases could not be anticipated by the global %GC results.   

The virome compositional biases were next used to guide the development of SynViP, a synthetic 

genomics framework with plant virome capacity that combines Golden Gate and No See’m principles 

with low-cost DNA chemical synthesis. SynViP relies on Type IIS restriction enzymes for unidirectional, 

scar-free assembly and the pLX series of mini T-DNA binary vectors,12 which have been used for agro-

infection of RNA and DNA viruses to plants.13,14 SynViP does not require subcloning steps, can be used 

with linear and circular DNA molecules, is insensitive to fragment terminal sequences, and was used 



The 2nd International BioDesign Research Conference 
December 6th - 17th, 2021 

 
 

Correspondence: f.pasin@csic.es 2/2 

 

successfully to rescue a genuine plant virus based on a digital sequence and with no biological template 

requirements.15 

SynViP is predicted to greatly facilitate assembly and plant delivery of chemically-synthesized virus 

components and genomes, and to allow high-throughput biological characterization of plant viruses as 

well as engineering and prototyping of next-generation viral vectors for crop reprogramming. 

Finally, my results show a complementarity of local and global analyses in detecting non-random 

compositional tendencies of biological sequences. The computational identification of local and global 

compositional biases in multispecies datasets might become a common step to guide scalable, portable 

design and engineering of biosystems. 
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