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Table 1. Classification of negative-strand RNA viruses 

Virus order
Virus family or 

Genome configuration Host Representative examples
unassigned genus

Mononegavirales Bornaviridae 1 negative-sense segment Vertebrates Borna disease virus
Filoviridae 1 negative-sense segment Vertebrates Ebola virus
Paramyxoviridae 1 negative-sense segment Vertebrates Measles virus
Rhabdoviridae 1 negative-sense segment Vertebrates Rabies virus,

Plants Sonchus yellow net virus
Invertebrates 

Arenaviridae 2 negative-/positive-sense segments Vertebrates Lassa virus
Bunyaviridae 3 negative-/positive-sense segments Vertebrates Bunyamwera virus, 

Plants Hantaan virus, Tomato
Invertebrates spotted wilt virus

Ophioviridae 3~4 negative-/positive-sense segments Plants Citrus psorosis virus
Orthomyxoviridae 6~8 negative-sense segments Vertebrates Influenza A virus

Invertebrates

Delta virus 1 negative-sense circular Vertebrates Hepatitis delta virus

Varicosavirus 2 negative-sense segments Plants Lettuce big-vein
associated virus

Tenuivirus 4~6 negative-/positive-sense segments Plants Rice strip virus
Invertebrates
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Table 2. Negative-strand RNA viruses generated from cDNA clones 
Family Genus Species Reference
Bornaviridae Bornavirus Borna disease virus (BDV) (68,88) 
Filoviridae Ebola-like virus Ebola virus (75,101) 
Rhabdoviridae Lyssavirus Rabies virus (RV) (47,48,97)

Vesiculovirus Vesicular stomatitis virus (VSV) (59,105) 
Paramyxoviridae Metapneumovirus Human metapneumovirus (38)

Morbillivirus Canine distemper virus (34)
Measles virus (68,93,95,99)
Rinderpest virus (3)

Pneumovirus Avian pneumovirus (74)
Bovine respiratory syncytial virus (10)
Human respiratory syncytial virus (14)

Respirovirus Bovine parainfluenza virus type 3 (35)
Human parainfluenza virus type 3 (21,39)
Sendai virus (33,50)

Rubulavirus Human parainfluenza virus type 2 (51)
Mumps virus (13)
Newcastle disease virus (55,87,94)
Simian virus type 5 (37)

Arenaviridae Arenavirus Juin virus (2)
Lassa fever virus (36)
Lymphocytic choriomeningitis virus (23,60)
Pichinde virus (58)
Tacaribe virus (57)

Bunyaviridae Hantavirus Hantaan virus (24)
Nairovirus Crimean-Congo hemorrhagic fever virus (25)
Phlebovirus Rift Valley fever virus (46)

Uukuiemi virus (26,81)
Orthobunyavirus Akabane virus (79)

Bunyamwera virus (BUNV) (9)
La Crosse virus (8)

Orthomyxoviridae Influenzavirus A Influenza A virus (FluAV) (19,27,76)
Thogotovirus Thogoto virus (102)
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Bunyamwera virus
Fig. 1. Schematic diagram of the reverse genetics system for the Bunyamwera virus. Host cells are co-transfected with
protein expression plasmids of the N and L proteins and with plasmids containing full-length viral cDNA, all under the
control of the T7 RNA polymerase promoter. Following infection with recombinant Vaccinia virus which enables the
expression of T7 RNA polymerase, vRNAs and mRNAs are synthesized. The N and L proteins initiate the virus replication
cycle.

vRNA mRNA RNA I II 
Fig. 2. Schematic diagram of the RNA polymerase I-RNA polymerase II bi-transcription system for expressing vRNA and
mRNA. The cDNA of an influenza virus genomic segment is constructed between the RNA polymerase I promoter (Pro I)
and RNA polymerase I terminator (Ter I). The Pro I expression cassette is flanked by the RNA polymerase II promoter
(Pro II) and terminator (Ter II). Transcription with the Pro I, negative-sense vRNA is synthesized by cellular RNA
polymerase I. Cellular RNA polymerase II synthesizes mRNA through Pro II, and the mRNA is translated into viral
proteins.
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tospoviruses T7 RNA RNA II 
Fig. 3. Expression systems for developing a reverse genetics system of tospoviruses. A transgenic or agro-infiltrated plant,
expressing the N and L proteins, is used as a platform for developing the reverse genetics system. In the T7 RNA
polymerase expression system, vRNAs are in vitro transcribed and co-inoculated to the plant expressing viral proteins. In
contrast, three vRNAs are in vivo transcribed with 35S promoter-driven full-length cDNA constructs that are agro-
infiltrated onto the platform plants. The viral proteins bind to vRNAs and initiate the virus replication cycle.
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ABSTRACT

Chang, H.-H. 1, Ku, H.-M. 2, and Jan, F.-J. 1, 3. 2009. Current progress and prospect of the reverse

genetics of plant negative-strand RNA viruses. Plant Pathol. Bull. 18: 201-216. (1 Department of Plant

Pathology, National Chung Hsing University, Taichung, Taiwan; 2 Department of Agronomy, National

Chung Hsing University, Taichung, Taiwan; 3 Corresponding author, E-mail: fjjan@nchu.edu.tw, Fax:

+886-4-2285-4145)

The term, reverse genetics, is used in molecular virology to describe the generation of viruses

owning its genome derived from cDNA clones. Since the first development of a negative-strand RNA

virus entirely from cDNA clones in 1994, the reverse genetics system becomes a popular, reliable and

powerful tool for the negative-strand RNA viruses to dissect the virus life cycle, the role of viral

proteins and the interaction between viruses and hosts. To date, there is still no efficient routine

reverse genetics system for detailed molecular investigation and functional genomics elucidation of

any member of the plant negative-strand RNA viruses. In this article, we reviewed the recent studies

related to generating reverse genetics systems for negative-strand RNA viruses, and discussed the

development and application of the reverse genetics. The implementation and experience of

developing the reverse genetics of the animal negative-strand RNA viruses will help us to develop

that of the plant negative-strand RNA viruses and contribute enormously for the profound study. 
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