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ABSTRACT We report here the first complete nucleotide sequences of genomic RNAs
of three Tomato aspermy virus (TAV) isolates in Japan. Analysis of these sequences
showed that they have unique characteristics in RNAs 2 and 3. The Japanese isolates are
similar to each other compared to other TAVs.

Tomato aspermy virus (TAV) is a member of the genus Cucumovirus in the family
Bromoviridae and has tripartite positive-sense single-stranded genomic RNAs (RNAs

1, 2, and 3). The TAV genome encodes five open reading frames. The 2b protein
encoded by RNA 2 is a silencing suppressor (1). The 3a protein encoded by RNA 3 is
essential for movement (2). TAV causes mosaic symptoms or necrosis in tomato plants
and deformation in chrysanthemum flowers (3). TAV strains Go34 (TAV-Go34), G1
(TAV-G1), and H9 (TAV-H9) were isolated in Ibaraki, Gunma, and Shizuoka in Japan,
respectively (4–6). We report here the complete nucleotide sequence of these TAVs.

The viruses were obtained from the National Agriculture and Food Research Orga-
nization (Japan) and propagated in Nicotiana benthamiana. The 5’ and 3’ terminal
regions were determined by using a 5’ RACE system for rapid amplification of cDNA
ends version 2.0 (Invitrogen). Viral first-strand cDNA was synthesized using a Super-
script III reverse transcriptase kit (Invitrogen), as described by Suzuki et al. (7). Synthe-
sized cDNA was PCR amplified by TAV-specific primer pairs with restriction sites for
cloning using KOD Plus version 2 DNA polymerase (Toyobo). The reverse transcription-
PCR products were cloned into the pUC18 plasmid. The nucleotide sequences of at
least six independent clones for each TAV isolate were determined and analyzed.

The identities of the nucleotide sequences between three Japanese isolates and the
reported V-TAV (8–10), KC-TAV (11), and TAV-HN (12) isolates outside Japan were 98.4
to 99.6% for RNA 1, 95.1 to 99.3% for RNA 2, and 92.7 to 99.9% for RNA 3. V-TAV
includes a repeat of 163 nucleotides at the 3’ untranslated region of RNA 3 (13), but the
Japanese isolates lacked these nucleotides. RNA 1 of three Japanese isolates includes a
nucleotide insertion at the fifth nucleotide from the 5’ end compared to that of V-TAV.

The length of the deduced 2 b protein was different among the strains. Those of
TAV-Go34 and TAV-H9 comprise 104 amino acids, as is the case for three Iranian isolates
(14) and TAV-HN (12), whereas that of TAV-G1 comprises 95 amino acids, as is the case
for V-TAV (9) and KC-TAV (11). In the case of Cucumber mosaic virus, the length of the
2b protein coding region is different between its subgroups I and II. However, phylo-
genetic analysis of TAV RNAs 1, 2, and 3 using MEGA7 software with the neighbor-
joining method showed that TAV-G1 is more similar to TAV-H9 than to V-TAV and
KC-TAV and that TAV-H9 and TAV-Go34 are more similar to TAV-G1 than to TAV-HN and
the Iranian isolates.

Interestingly, a single U nucleotide deletion at nucleotide position 94 was found in
58% of the TAV-Go34 RNA 3 clones, which resulted in frameshift and truncation in the
encoded 3a protein. With a similar case in V-TAV, C-to-A substitution at nucleotide
position 100 was found in 76% of the RNA 3 clones, which resulted in a stop codon and
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truncation in the 3a protein (15). The frequent mutation in the coding region of 3a and
its truncation may be characteristic to TAV.

Accession number(s). The complete genome sequences of TAV strains G1, H9, and
Go34 were deposited in DDBJ/GenBank under the accession numbers LC380669 to
LC380677.

ACKNOWLEDGMENT
We declare no conflicts of interest and have received no internal or external funding

for this study.

REFERENCES
1. Li HW, Lucy AP, Guo HS, Li WX, Ji LH, Wong SM, Ding SW. 1999. Strong

host resistance targeted against a viral suppressor of the plant gene
silencing defence mechanism. EMBO J 18:2683–2691. https://doi.org/10
.1093/emboj/18.10.2683.

2. Palukaitis P, García-Arenal F. 2003. Cucumoviruses. Adv Virus Res 62:
241–323.

3. Raj SK, Kumar S, Choudhari S. 2007. Identification of Tomato aspermy
virus as the cause of yellow mosaic and flower deformation of chrysan-
themums in India. Australas Plant Dis Notes 2:1–2. https://doi.org/10
.1071/DN07001.

4. Hanada K, Tochihara H. 1985. Chrysanthemum mild mottle virus isolated
from tomato. Proc Kanto-Tosan Pl Prot Soc 32:88 – 89.

5. Fujisawa I, Ishii M, Uemura S. 1988. Some properties of chrysanthemum
mild mottle virus, and comparison of this virus with cucumber mosaic
virus. Ann Phytopathol Soc Jpn 54:108.

6. Tochihara H. 1970. Some properties of chrysanthemum mild mottle
virus, and comparison of this virus with cucumber mosaic virus. Jpn J
Phytopathol 36:1–10.

7. Suzuki M, Hibi T, Masuta C. 2003. RNA recombination between
cucumoviruses: possible role of predicted stem-loop structures and an
internal subgenomic promoter-like motif. Virology 306:77– 86. https://
doi.org/10.1016/S0042-6822(02)00050-8.

8. Bernal JJ, Moriones E, Garcia-Arenal F. 1991. Evolutionary relationships
in the cucumoviruses: nucleotide sequence of tomato aspermy virus
RNA 1. J Gen Virol 72:2191–2195. https://doi.org/10.1099/0022-1317-72
-9-2191.

9. Moriones E, Roossinck MJ, Garcia-Arenal F. 1991. Nucleotide sequence of
tomato aspermy virus RNA 2. J Gene Virol 72:779 –783. https://doi.org/
10.1099/0022-1317-72-4-779.

10. Moreno IM, Bernal JJ, García de Blas B, Rodriguez-Cerezo E, García-Arenal
F. 1997. The expression level of the 3a movement protein determines
differences in severity of symptoms between two strains of tomato
aspermy cucumovirus. Mol Plant Microbe Interact 10:171–179. https://
doi.org/10.1094/MPMI.1997.10.2.171.

11. Choi SK, Choi JK, Ryu KH, Park WM. 2002. Generation of infectious cDNA
clones of a Korean strain of tomato aspermy virus. Mol Cells 13:52– 60.

12. Zhao XT, Liu XX, Hong B. 2015. Characterization of tomato aspermy virus
isolated from chrysanthemum and elucidation of its complete nucleo-
tide sequence. Acta Virol 59:204 –206.

13. Shi BJ, Ding SW, Symons RH. 1997. Two novel subgenomic RNAs derived
from RNA 3 of tomato aspermy cucumovirus. J Gen Virol 78:505–510.
https://doi.org/10.1099/0022-1317-78-3-505.

14. Mohammad M, Hossein M, Jahangir H, Akbar HP, Arvind V. 2017. Char-
acterization of Iranian tomato aspermy virus isolates with a variant 2b
gene sequence. Trop Plant Pathol 42:475– 484. https://doi.org/10.1007/
s40858-017-0173-1.

15. Moreno IM, Malpica JM, Rodríguez-Cerezo E, García-Arenal F. 1997. A
mutation in tomato aspermy cucumovirus that abolishes cell-to-cell
movement is maintained to high levels in the viral RNA population by
complementation. J Virol 71:9157–9162.

Inoue et al.

Volume 6 Issue 22 e00474-18 genomea.asm.org 2

https://www.ncbi.nlm.nih.gov/nuccore/LC380669
https://www.ncbi.nlm.nih.gov/nuccore/LC380677
https://doi.org/10.1093/emboj/18.10.2683
https://doi.org/10.1093/emboj/18.10.2683
https://doi.org/10.1071/DN07001
https://doi.org/10.1071/DN07001
https://doi.org/10.1016/S0042-6822(02)00050-8
https://doi.org/10.1016/S0042-6822(02)00050-8
https://doi.org/10.1099/0022-1317-72-9-2191
https://doi.org/10.1099/0022-1317-72-9-2191
https://doi.org/10.1099/0022-1317-72-4-779
https://doi.org/10.1099/0022-1317-72-4-779
https://doi.org/10.1094/MPMI.1997.10.2.171
https://doi.org/10.1094/MPMI.1997.10.2.171
https://doi.org/10.1099/0022-1317-78-3-505
https://doi.org/10.1007/s40858-017-0173-1
https://doi.org/10.1007/s40858-017-0173-1
http://genomea.asm.org

	Accession number(s). 
	ACKNOWLEDGMENT
	REFERENCES

