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From Spanish Flu to MERS and H7N9
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REVERSE
GENETICS OF
RNA VIRUSES

Applications and Perspectives

What is reverse genetics in
a virologist’s point of view?
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“Reverse genetics is the genetic manipulation of RNA viruses
to create a wild-type or modified virus...”



If we are to create viruses by reverse genetics,
what information do we need?

1. Genome of the virus
2. Replication cycle

3. Permissive cell lines



Example | . .
P Influenza virus particle

hemagglutinin

MO e
\ % o

False-color micrograph courtesy of Gopal Murti, St. Jude Children’s Research Hospital. lllustration by Emma Skurnick.
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How influenza viruses replicate
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AlTeal/HK/W312/97 (H6N1)

RNA extraction
8 Reverse transcriptase-PCRs
Digestion of PCR fragments with
dsDNA BsmBI or Bsal
| ... AcCT)
. R TR
GGGA, GEE— TTAT
GGGA: TTAT
GGGA: « HA, s TTAT
GGGA, - NP = TTAT
GaaA, TTAT
GGGA, TTAT
2008 NE= TTAT

¢ Insertion into pHW2000-BsmBI

BsmBl BsmBl
5'-TCCGAAGTTGGGGGGGAGGAGACGGTACCGTCTCCAATAACCCGGCGGCC -3
3'-AGGCTTCAACCCCCCCT CCTCTGCCATGGCAGAGGT TAT TGGGCCGCCGG-5"




Reverse genetics of influenza virus (simplified)
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Artificial synthesis of influenza (conceptual diagram)




Reverse genetics of influenza virus

(more complicated)
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Bidirectional plasmids

'. ' . A = RNA polymerase | promoter
@_ . . . A = RNA polymerase Il promoter

E! plasmid transfection

VRNP transport

Transport to site of assembly




Standard influenza vaccine production by reverse genetics

Highly pathogenic H5 or H7 A/Puerto Rlco/8/34 (H1N1)
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Vaccirg approved cell line




Vaccine master seed —PR8
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Growth property of various 6PR8+2(HA-NA) viruses
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Neuraminidase
Tetramer

HA

= Jatini
Most antigenic
Trimer

M1

Matrix protein 1
Interacts with ribonucleoprotin, glycoprotein
M=

Ion channel

Tetramer

PE1

Endonuclease, elongation

BNA polymerase subunit (Basic)
PB=2

Cap recognition

RNA polymerase (Basic)

PA

BNA polymerase subunit (Acidic)
WA NP

Nucleoprotein

BNA binding, RNA synthesis

iy Colours represent the RNA within RNA
SUNENIMNS encapsidated segments enclosed by NP
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Effect of PB1 source on rgH1N1 and

rcH7N9 oro
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Neuraminidase
Tetramer

HA

= Jatini
Most antigenic
Trimer

M1

Matrix protein 1
Interacts with ribonucleoprotin, glycoprotein
M=

Ion channel

Tetramer

PE1

Endonuclease, elongation

BNA polymerase subunit (Basic)
PB=2

Cap recognition

RNA polymerase (Basic)

PA

BNA polymerase subunit (Acidic)
WA NP

Nucleoprotein

BNA binding, RNA synthesis

iy Colours represent the RNA within RNA
SUNENIMNS encapsidated segments enclosed by NP




Neuraminidasa
Tetramer

HA
Haemagglutinin
Most antigenic
Trimer

@ M

Matrix protein 1
Interacts with ribonucleoprotin, glycoprotein
Mz

Ion channel

Tetramer

@ PB
O
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Endonuclease, elongation
BINA polymerase subunit (Basic)
PBz2
Cap recognition
RINA polvmerase (Basic)
PA
EINA polymerase subunit (Acidic)
WWW NP
Nucleoprotein
W Colours represent the RNA within RNA
2N encapsidated segments enclosed by NP.




Construction of replication-defective rgH7N9 virus
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(cells stably expressing PB2)




Expression of mCherry in infected cells




Example Il

Vesicular stomatitis virus (VSV)




Vesicular stomatitis virus (VSV)

Glycoprotein— N = Nucleocapsid protein

Matrix
lipid bilayer P = Phosphoprotein
170 nm
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L = Large polymerase protein
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Replication cycle of VSV
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Reverse genetics of VSV-based vaccine
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Newcastle Disease Virus (NDV)
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Rationale of new NDV vaccines

Attenuation
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pVSV

Reverse genetics
Infectious clone

with NDV antigen
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Animal testing of VSV-based vaccines




Regimen of VSV-based NDV vaccination in chickens

Challenge Sacrifice
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NDV signs : started at 4 d.p.i.




VSV-based vaccine protected chickens from
NDV challenge




Efficacy of VSV-based NDV vaccines in challenged chickens
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Efficacy of VSV-based NDV vaccines in contacted chickens
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Take-home messages

-Reverse genetics is no doubt a very powerful technique in virology.

-Now we have the potential to conduct reverse genetics on nearly every group
of human and animal viruses.

-Reverse genetics are not always easy...Common difficulties are:

1. viral sequence

2. clone generation and stability

3. transfection and rescue

4. complex virus genome

5. inability of the virus to replicate in cell culture

- Ethical issues (Which viruses should be rescued?)
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