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Overview

Coronaviruses (CoVs), like all viruses, are obligate intracellular parasites, meaning they rely on host

molecular machinery (e.g., ribosomes), resources (e.g., nucleotides, amino acids, NTPs), and

cellular environment in order to produce progeny. Viral reverse genetics is a key experimental tool for

the generation of recombinant viruses that enable the study of viral replication, evolution, and the

evaluation of potential therapeutic targets. Herein, we present the first plasmid-launched,

transformation-associated recombination (TAR) reverse genetics system for the BSL-2

betacoronavirus, mouse hepatitis virus strain A59 (MHV-A59) and provide proof-of-principle for the

utility of this system to generate a panel of recombinant viruses in only a few weeks.

FIG. 1. Overview of TAR viral recovery workflow. The TAR vector and genome fragments with

appropriate overlaps are simultaneously transformed into yeast where homologous recombination

generates the assembled viral plasmid. After selection, the plasmid is extracted and transformed into

inducible bacteria to increase yields. The plasmid is extracted and transfected into cell culture without

further purification. Viral particles can then be recovered by standard methods.

Results

FIG. 2. Assembly and 

recovery of HiBiT-tagged 

and wild-type 

recombinant viruses. 

A HiBiT tag was added to 

the MHV-A59 structural 

proteins using the TAR 

system. Tags were added 

to either the N (amino) or 

C (carboxy) termini except 

for the spike protein which 

was only tagged on the 

carboxy terminus. Three of 

the assembled reporter 

viruses were recovered. All 

showed cytopathic effects 

(evidence of infection) 

except rMHV-A59-Mn.

Data analysis

Statistical analysis was performed using GraphPad Prism (version 8) using a Kruskal-Wallis test with

Dunn’s multiple comparisons correction.

FIG. 4. TAR-generated MHV-A59 has similar viral yield as wild-type.

(A) DBT-9 cells were infected (MOI = 1) and supernatant samples were collected at the indicated

intervals. Sample titers were determined by plaque assay. Data represent the mean of three

independent biological replicates. There was no statistically significant difference between the

parental virus and infectious clones at each time point as determined by the Kruskal–Wallis test.

(B) Representative plaque assays are shown in duplicate wells for both the parental and rMHV-A59-

WT viruses.

FIG. 3. Junction analysis of wild-type and HiBiT-tagged recombinant viruses. Junctions (purple;

the regions of homology joined by TAR) were generated in amplicons of increasing size to allow rapid

verification of assembly via multiplex PCR. Four yeast colonies from each transformation were picked

for junction analysis; transformants chosen for propagation are shown.
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Virus
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Tag Terminus Recovery

rMHV-A59-En Envelope (E) N Yes

rMHV-A59-Ec Envelope (E) C Yes

rMHV-A59-Sc Spike (S) C Yes

rMHV-A59-Nn Nucleocapsid (N) N --

rMHV-A59-Nc Nucleocapsid (N) C --

rMHV-A59-Mn Membrane (M) N --

rMHV-A59-Mc Membrane (M) C --

rMHV-A59-WT -- -- Yes


