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Short description of the content of this deliverable: Update SEVA collection with at least three new 

platforms for genome editing and site-specific sequence diversification of chromosomal segments 

(CSIC). 

1 Update of the SEVA collection. 

The SEVA platform (https://seva-plasmids.com) was launched one decade ago, both as a database (DB) 

and as a physical repository of plasmid vectors for genetic analysis and engineering of Gram-negative 

bacteria with a structure and nomenclature that follows a strict, fixed architecture of functional DNA 

segments. While the current update keeps the basic features of earlier versions, the platform has been 

upgraded not only with many more ready-to-use plasmids but also with features that expand the range 

of target species, harmonize DNA assembly methods and enable new applications. In particular, SEVA 

4.0 includes [i] a sub-collection of plasmids for easing the composition of multiple DNA segments with 

MoClo/Golden Gate technology, [ii] vectors for Gram-positive bacteria and yeast, and [iii] off-the-shelf 

constructs with built-in functionalities. A growing collection of plasmids that capture part of the 

standard—but not its entirety—has also been compiled into the DB and repository as a separate corpus 

(SEVAsib) because of its value as a resource for constructing and deploying phenotypes of interest. 

Maintenance and curation of the DB were accompanied by dedicated diffusion and communication 

channels that make the SEVA platform a popular resource for genetic analyses, genome editing, and 

bioengineering of a large number of microorganisms. 

 

Figure 1. General organization of the SEVA plasmids and access statistics. (A) General organization of SEVA 

vectors as shown in the SEVA 4.0 homepage. All plasmids contain three basic modules (replication origin, 

antibiotic marker, and cargo), the boundaries between being punctuated by unusual restriction sites. These are 

accompanied by a primary gadget site (additional sites are also available to this end). Clicking each segment 

enables users to visualize all choices and copy the cognate DNA sequence. The colored arrows above the cargo 

and AbR modules represent the directionality of the transcription flow of that element. (B) Visits to https://seva-

plasmids.com during the period July 2021-June 2022. (C) Plasmids distributed since the onset of the SEVA 

platform. 

 

What could be called the SEVA space includes a collection of general-purpose, broad host range cloning 

vectors, heterologous expression systems, reporters, and specific purpose constructs. The entries of the 

canonical vector collection, which is the core of the corpus, follows rigorously the arrangement of 

functional DNA segments established in the earliest publication 1 (Fig. 1A).,  This can be unequivocally 

cyphered according to a code (Fig. 2) which in this case needs to be updated as the plasmid collection 

https://seva-plasmids.com/
https://seva-plasmids.com/
https://seva-plasmids.com/
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increases in number and utilities. Apart from the canonical set, the platform also includes a considerable 

number of constructs (SEVAsib) that capture part of the standard—but not all—without loss of 

functionality for specific purposes. These are also included in the repository and can be retrieved through 

the same channels and terms of the canonical collection. 

 

 
 

Figure 2. Details and utilities of the Find you plasmid section. The core of the database embodies the three 

subsections listed on top. Clicking each of them leads users to a different utility, the most useful of them being the 

Find your canonical plasmid, which can be composed according to necessities and then searched through the 

plasmid collection. The same section also leads to the resource named SEVA Golden Standard, which guides users 

through a complete roadmap for assembling complex constructs with Type IIS restriction technology. Separate 

Tables with lists of canonical and non-canonical (SEVAsib) vectors can be accessed as well.  

 

Despite the number of excellent plasmid repositories available to molecular and synthetic biologists, the 

distinguishing marks of the SEVA platform include [i] the emphasis on compositional standards for the 

sake of interoperability and reproducibility, [ii] the adoption of broad host range functionalities 

(replication origin, antibiotic markers, cargoes) and [iii] open and free upfront access to the materials at 

stake. While other repositories of biological materials may also take all or some of these features, we 

strongly advocate standardization as the way to go for moving the field of synthetic biology forward. 

Since the last update of the SEVA DB we have noted the publication of a number of articles that further 

develop the concept in different directions explicitly related to the original platform 2, 3. In other cases, 

authors take on the overall SEVA view for their genetic tool development progress but depart from the 

standard to different degrees and purposes 4, 5, 6, 7, 8, 9, 10. Finally, some conceptually independent proposals 

go also along the path of standardization of genetic assets without any explicit connection to the SEVA 

concept or format 11, 12, 13, 14, 15. It would be ideal that all these eventually converge in a single frame that 

eases genetic analyses and engineering of a large variety of microorganisms with compatible and 

comparable tools.  

 

In the meantime, some additional expansion of the SEVA platform could be expected for improving, 

e.g., the host range of the activities encoded in the constructs. This involves not just the replication 

origins but also expression signals for enabling genes to be expressed in a large variety of hosts 16. Also, 

there is considerable room for standardizing mini-transposon delivery vectors (and other integrative 

tools) beyond the prototypes currently listed in the SEVAsib Table. Finally, the growing trend to move 
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from strain analysis and engineering to the same applied to microbiomes 17 asks also for novel, dedicated 

tools that are still in their infancy and deserve standardization efforts as well.  

 

 

2 Site-specific sequence diversification of chromosomal segments.  

The ability of T7 RNA polymerase (RNAPT7) fusions to cytosine deaminases (CdA) for entering CT 

changes in any DNA segment downstream of a T7 promoter was exploited for hyperdiversification of 

defined genomic portions of Pseudomonas putida KT2440. To this end, test strains were constructed in 

which the chromosomally encoded pyrF gene (the prokaryotic homologue of yeast URA3) was flanked 

by T7 transcription initiation and termination signals and also carried plasmids expressing constitutively 

either high-activity (lamprey’s) or low-activity (rat’s) CdA-RNAPT7 fusions. The DNA segment-

specific mutagenic action of these fusions was then tested in strains lacking or not uracil-DNA 

glycosylase (UDG), i.e., ∆ung/ung+ variants. The resulting diversification was measured by counting 

single nucleotide changes in clones resistant to fluoroorotic acid (5FOA), which otherwise is 

transformed by wild-type PyrF into a toxic compound. Although the absence of UDG dramatically 

increased mutagenic rates with both CdA-RNAPT7 fusions, the most active variant—pmCDA1—caused 

the extensive appearance of 5FOA-resistant colonies in the wild-type strain not limited to CT but 

including also a range of other changes. Furthermore, the presence/absence of UDG activity swapped 

cytosine deamination preference between DNA strands. These qualities provided the basis of a robust 

system for the continuous evolution of preset genomic portions of P. putida and beyond (Fig. 3). 

 

 
 

Figure 3. Schematic representation of the segment-specific mutagenic regime caused by CdA-RNAPT7 fusions in 

vivo. (A) The basic arrangement involves one or more gene of interest—or any DNA sequence thereof— flanked 

by a T7 promoter and a T7 terminator. In the sketch, the direction of transcription from PT7 is opposite to native 

gene reading, but can be otherwise if desired. The CdA-RNAPT7 fusion is then expressed in trans, bound to PT7 

and transcription initiated by the polymerase activity of the fusion. (B) As CdA-RNAPT7 proceeds downstream of 

the PT7, the cytosine deamination moiety may find C residues and change them to U counterparts. (C) Mutation 

occurs as the ssDNA of the transcription bubble exposes C bases, which become substrates of CdA. If the resulting 

U is not corrected by the repair machinery of the cell, it will base-pair with A during the replication process, 

generating a change from the original C:G pair to a mutated T:A pair. Note that changes can occur, albeit with 

different frequencies in both DNA strands.  

 

Recent strategies for all-in vivo continuous evolution of defined segments of bacterial genomes have 

been based the discovery that fusions of cytosine deaminases (CdA) to the bacteriophage T7 RNAP 

(RNAPT7) caused high mutagenic rates CT (and accordingly GA) in any DNA sequence located 

downstream of a T7 promoter 18, 19, 20, 21, 22. On this basis, a number of genetic platforms exploiting 

different base editors fused to RNAPT7 have been developed in which the bases of the ssDNA that 



 
Update SEVA collection 

 

MIX-UP  GA nr. 870294  D7.3  Version 1.1 

Page 6 of 8 

6 

 

become exposed along transcription become the substrate of the deamination reaction. This occurrence 

has been exploited to set off the evolution of delimited DNA segments in vivo without affecting the rest 

of the genome. Given the poor efficacy of T7 phage transcription terminators (T7T) to make RNAPT7 

come off the engaged DNA 18, 23, one useful strategy to define the downstream limit of the mutagenized 

region involves the expression of gRNA-dCas9 complexes for blocking the progression of the 

polymerase 19. While the available wealth of results accredits the mutagenic activity of CdA-RNAPT7 

fusions in E. coli, whether the same applies to other bacterial species and strains of biotechnological 

interest remains unknown. In this deliverable, we document the ability of CdA-RNAPT7 fusions to boost 

DNA variability in a preset genomic segment of a P. putida KT2440 derivative delimited by a T7 

promoter and a T7 terminator, the efficacy and types of mutations caused under various conditions (Fig. 

4), and the confinement of the diversification regime to the desired DNA portion of the cell’s genetic 

complement. The results not only verify the performance of the approach in this bacterium, but they 

also provide a complete genetic platform for the continuous evolution of specified sectors of the P. 

putida KT2440 chromosome. 

 

 

 

 
Figure 4. Characterization of pyrF mutations found in 5FOAR colonies expressing CdAs. (A) Total number and 

types of mutations associated to each construct borne by P. putida PYRC ∆ung, indicating the base substitutions 

found. (B)  Distribution and number of mutations throughput the pyrF segment of P. putida PYRC ∆ung (sketched 

on top) in 5FOAR clones carrying the construct indicated and the number of clones analyzed in each case. The 

boundaries of the pyrF DNA sequence, the T7 promoter (PT7) and T7 terminator (T7T) are indicated along the 

location of the putative pyrF promoter. Note very different scales of the Y axis. The base changes are tagged into 

the coding sequence of pyrF. Mutations types are indicated with the same color codes. Extension of deletions are 

indicated with the boundaries of the nucleotides erased from the cognate DNA. (C) Average number of mutations 

per clone found in the 5FOAR colonies analyzed for each CdA-RNAPT7 fusions. Single values are represented 

with red dots, means and standard deviations are with black lines. Final figures are highlighted in each case. 
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3 Conclusions 

The work presented in this deliverable provides the genetic tools and the variables to consider for setting 

continuous diversification of any DNA segment of the genome of P. putida. Since all constructs are 

borne by broad host range plasmids, it is plausible that the very same platform can be effectively reused 

in other Gram-negative bacteria. Specifically, by using a pyrF-based reporter system, the efficacy of 

each CdA-RNAPT7 fusion as a mutagenic agent has been determined, the role of UDG in the process 

settled, and the efficacy of a T7 terminator to restrain DNA diversification beyond a prefixed site 

documented. Given the degeneracy of the genetic code and that not every base change necessarily 

originates an inactive pyrF mutant, it is likely that the actual DNA diversification figures are at least 3-

fold higher than the ones shown throughout this work. As indicated above, the desired mutagenesis 

levels can be modulated at will by picking one of the fusions available and playing with having either 

ung- or ung+ strains as hosts of the process—or engineering a transient of UDG-minus phenotype upon 

the addition of a compatible plasmid expressing the inhibitory peptide UGI. Although not tested directly 

in this work, the length of the diversified genomic segment could be limited by engineering a series of 

terminators or a dCas9-based device 19 to inhibit the advancing CdA-RNAPT7. In other cases, such 

rowing base editors can be let to proceed through longer DNA segments in the genome if desired. In 

sum, we believe that the hereby described devices may become a phenomenal addition to the already 

rich toolset available for many types of bioengineering endeavors in P. putida 24, 25. 
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