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Synthesizing viruses

• Viral isolates for development of diagnostics, 
therapeutics and vaccines, or in vivo models



Synthesizing viruses

Chemical Synthesis of Poliovirus cDNA: Generation of 
Infectious Virus in the Absence of Natural template

Poliovirus: small, nonenveloped, + ssRNA genome 
(7.5 kb)
One of the simplest genetic systems known for 
proliferation

Molla, Science, 1991; Cello, Science, 2002



Synthesizing viruses

Molla, Science, 1991; Cello, Science, 2002

• Use of known sequence 
as the only instruction for 
engineering the genome

• Phage T7 promoter for 
RNA polymerase > 
transcription into 
infectious RNA

• Generation of virus in cell-
free cytoplasmic extracts 



How to make recombinant 
Coronaviruses
• Thiel, J Gen Virol, 2001
• Coley, J Virol, 2005
• Thao, Nature, 2020



Coronaviruses

• enveloped, + stranded RNA viruses
• large genomes: 27-31 kb

• Gene sequences toxic to E.coli
> not possible to clone into plasmid vectors or passage in 
procaryotic systems

• Bacterial artificial chromosomes or long range RT-PCR 
• Alternative: optimization of in vitro DNA ligation, 

vaccinia virus eukaryotic cloning vector, cytoplasmic 
expression of transfected RNA



• HCoV229E 

• Vaccinia virus (poxvirus)

• eukaryotic cloning vector

• High stability of cloned insert cDNA

• Retain infectivity, growth kinetics, 

stability regardless of insert size

• Large cDNA fragments can be cloned 

efficiently into vaccinia virus 

genome



Segments of HCoV 
genome from well-
characterized cDNA 
clones

In vitro 
transcription
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• Vaccinia virus 

• MHV strain A59

• Versatile, universal tool to study all 

aspects of MHV molecular biology 

and pathogenesis

• Facilitation of mutagenesis

• Rescue of recombinant 

coronaviruses by nucleocapsid 

protein-expressing cell line



Replaced with correct 
sequence in 4 rounds of virus-
mediated recombination (with 

+ and – selection)



Modification of Coronavirus cDNA by Vaccinia 
Virus-Mediated Homologous Recombination

SARS and other Coronaviruses, Eriksson, 2008; 

Falkner, J Virol, 1988

Linear DNA can be 
used instead of 
plasmids

wt vaccinia virus

Recombinant vaccinia virus (gpt+)

+MPA
+(hypo)
xanthine

No
treatment



Rescue of recombinant MHV-inf-1

• «rescue of recombinant coronaviruses is greatly 
facilitated under conditions that allow N protein 
expression”

Casais et al., J Virol. 2001; Yount et al., J Virol. 2002



• Full length MHV RNA
• in vitro transcription of DNA from

• purified virions
• Infected cells

Electroporation

+ synthetic mRNA 
encoding the MHV 
nucleocapsid protein

BHK-21 cells BHK-MHV-N
stable BHK-21-derived cell line expressing 
the MHV-A59 nucleocapsid protein

Rescue of recombinant MHV-inf-1

Co-cultivation with 17Cl-1 cells



Replication of recombinant MHV-inf-1
In vitro                                        in vivo



• Plasmid DNA and RT-PCR derived products for vaccinia-

virus mediated homologous recombination

• Infectious virus produced from 6-well dish

• Cell line expressing N protein (BHK-MHV-N) facilitates 

rescue

• MHV system to study similar coronaviruses like SARS-

CoV



Reverse genetics platform

• Feline coronaviruses (Tekes, J Virol, 2008, 2012)
• SARS-CoV (van den Worm, PloS One, 2012)





Transformation-associated 
recombination (TAR) cloning

Saccharomyces 
cerevisiae

Yeast artificial 
chromosome
(YAC)

isolation +
linearization

in vitro transcription

mammalian cells

infectious virus



TAR vector (Kouprina et al.)



Virus rescue:
1) electroporation of BHK-MHV-N cells
2) co-cultivation with susceptible cells 

(17Cl-1 )

Test platform with MHV-GFP



Application to other 
coronaviruses + mutagenesis

Synthetic genomics platform suitable to 
genetically modify coronavirus genomes.



Application to other viruses, 
families and sources
• Several other coronaviruses
• ZIKA virus (Flaviviridae)
• hRSV
• Cloning of nRSV-B from clinical sample 

(nasopharyngeal aspirate) without any prior 
information about the virus genotype using RSV 
consensus primers

• Stability: passaging 15-17x
Synthetic genomics platform proviced the technical advance to 
rapidly generate molecular clones of diverse RNA viruses by 
using virus isolates, cloned DNA, synthetic DNA or clinical 
samples as starting material.



SARS-CoV-2

• Genome sequences 
released 10.01.2020

• 12 overlapping DNA fragments

• In parallel: SARS-CoV-2-GFP

Variations in nt 3-5 > 
generate 3 versions +/- GFP



amplify by RT-PCR from 
patient isolate

TAR cloning for all viruses > 
selection without sequence 
confirmation

BHK /
BHK-SARS-N

VeroE6



Analysis of rSARS-CoV-2

• All cloned 5’ ends retained
• similar replication kinetics

Replication affected by GFP 
and/or partial deletion of 
ORF



Analysis of rSARS-CoV-2

• Simple GFP readout: Remdesivir



Analysis of rSARS-CoV-2

• Simple GFP readout: serum

Mock

No serum

ctrl

Convalescent
Human anti-
SARS-CoV-2

Ctrl

Convalescent
Human anti-

SARS-CoV



Synthetic genomics platform

• Provide infectious virus to health authorities and 

diagnostic laboratories without the need of having 

access to clinical samples

• Rapid introduction of emerging sequence variations 

into infectious clones > functional characterization



Ethical concerns

• Synthesis of viruses
• Synthetic life

«If the ability to replicate is an attribute of life, then poliovirus

is a chemical (C332,652H492,388O131,196-P7501S2340) with a life cycle.»

Cello, Science, 2002



Thank you for your attention!



https://www.genengnews.com/news/coronavirus-genomic-and-subgenomic-rna-architecture-mapped/
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