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LETTER

Distribution and molecular variability of four tobacco viruses in
China

Dear Editor,

In this study, a total of 409 symptomatic tobacco leaf
samples were collected from 12 provinces in China dur-
ing 2010 and 2011. As shown in Figure 1, those
provinces are Anhui, Fujian, Guangxi, Guizhou, Henan,
Heilongjiang, Hubei, Hunan, Liaoning, Shandong,
Shaanxi, and Yunnan. TMV, CMV, TEV, and PVY are
those four plant viruses that are considered the most seri-
ous causative agents of diseases in tobacco plants in
China (Dai et al., 2012; Chen et al., 2014; Zhao et al.,
2015). In China, these tobacco viruses have been found
in 16 provinces, including the Yunnan, Hunan, Henan,
 Fujian,  Shaanxi,  Shandong,  and  Liaoning provinces
(Chen et al., 1997). These viruses have very high muta-
tion rates during replication because their RNA poly-
merases lack the proofreading ability. Consequently,
these viruses exist as numerous strains and replicate as
complex and dynamic mutant clusters (Elena et al.,
2005). Therefore, understanding the distribution, genetic
diversity, and evolutionary relationships of these viruses
is a fundamentally important step in controlling these
viruses.

In this study, a total of 409 symptomatic tobacco leaf
samples were collected from 12 provinces in China dur-
ing 2010 and 2011. As shown in Figure 1, those provinces
are Anhui, Fujian, Guangxi, Guizhou, Henan, Heilong-
jiang, Hubei, Hunan, Liaoning, Shandong, Shaanxi, and
Yunnan. Those symptoms were classified into four
types: mosaic, leaf malformation, necrotic-spots, and
dwarf plant. The mosaic symptom was the most com-
mon in the fields. Seventy samples collected in 2010 and
121 collected in 2011 were classified as having the mo-
saic symptom. Leaf malformation symptoms were found
in 134 of 409 samples. Necrotic symptoms were found in
63 samples, and 21 dwarf plant samples were identified
(Supplementary Table S1).

To identify the viruses, all samples were tested by re-
verse transcriptase-polymerase chain reaction (RT-PCR).
The complete sequence of the coat protein (CP) genes of
TMV, CMV, TEV, and PVY were sequenced, analyzed,
and compared with other complete or partially complete
CP sequences available in public sequence databases
(Liu et al., 2014). Genbank numbers of all complete se-

quences were listed in Supplementary Table S2.
A total of 118 out of 154 samples collected in 2010,

and 153 out of 255 collected in 2011 were infected by at
least one of the four plant viruses studied. Among the
255 samples collected in 2011, we detected TMV, CMV,
TEV, and PVY in 123, 72, 40, and 46 samples, respec-
tively. These viruses were distributed widely over the 12
provinces (Figure 1A). For the Shaanxi, Yunnan, Anhui,
Guizhou, Hunan, and Henan provinces, the two year av-
erage detection rate for TMV was more than 55% (Fig-
ure 1B). The CMV-detection rate ranged from 20% to
42% for the 12 provinces (Figure 1C). The average de-
tection rate of TEV ranged from 0% in the Anhui prov-
ince to 35% in the Shandong province (Figure 1D). The
two year average detection rate of PVY ranged from 8%
in the Shandong province to 31% in the Heilongjiang
province (Figure 1E).

Although disease symptoms were evident in all
samples collected, 36 samples in 2010 and 102 samples
in 2011 were negative for all four tobacco viruses. Other
viruses such as TVBMV and Tobacco necrosis virus
(TNV), which are known to infect tobacco plants or other
unknown pathogens, could have caused the observed
symptoms.

Samples with mixed infections with more than one
virus were very common. Eighty-four of the 118 posi-
tive samples tested positive for more than one virus in
2010. Similarly, 112 of 153 positive samples tested posi-
tive for more than one virus in 2011. Among the superin-
fected samples, mixed infection with TMV and CMV
was the most common, while that with TEV and PVY
was the least common. This may be related with the av-
erage detection rate of the virus in the field, since TMV
was the most common virus in the field, with the average
detection rate of 54.89%, followed by CMV (33.44%),
PVY (20.91%), and TEV was the least with the average
detection rate of 14.07%. In the field, the most severe
mosaic symptoms on leaves were observed in samples
with mixed TMV and CMV infection. The most severe
necrotic symptoms were generally associated with mixed
CMV and PVY infection.

Cumulatively, 18 TMV, 21 CMV, 15 TEV, and 21
PVY isolates were obtained and compared with avail-
able online CP gene sequences (NCBI, http://www.ncbi.
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nlm.nih.gov/). The genomic sequence and deduced
amino acid sequence identities of the CP genes of TMV
isolates were 97%–100% and 97%–100%, respectively;
for CMV, the respective identities were 78%–100% and
81%–100%; for TEV, the isolates shared 96%–100% and
97%–100% identities; and for PVY the identities were
96%–100% and 97%–100%, respectively.

These four viruses were present as genetically distinct
variants in the field. Genetic variations have been repor-

ted in many plant viruses (Moury et al., 2002). In this
study, 39 TMV isolates were divided into two evolution-
arily divergent groups, Group I marked by green and
Group II marked by red, without correlation with geo-
graphical origins (Supplementary Figure S1A). CMV
isolates in subgroup I marked by green were distributed
widely across 12 provinces in China, while the subgroup II
isolates marked by red were found only in some southern
provinces (Fujian, Hubei, Guangxi, and Guizhou) (Sup-

Figure 1.   (A) A total of 409 symptomatic tobacco leafs were collected from 12 provinces (grey-colored). (B–E) The av-
erage detection rates of TMV, CMV, TEV, and PVY in each province. 409 samples (154 in 2010 and 255 in 2011) were
examined using RT-PCR, The average detection rate of TMV is shown in (B), CMV in (C), TEV in (D), and PVY in (E).
The average detection rate is calculated with the following formula: the incidence (%) = (the number of samples infec-
ted by the virus / the number of all the collected samples) × 100.
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plementary Figure S1B). These results showed that the
subgroups of CMV are not evenly distributed in tobacco-
growing regions in China and that the distribution of
CMV subgroup II may be correlated with geographical
origins. Twenty-nine TEV isolates (15 in this study and
14 from GenBank) were divided into four evolutionary
divergent groups marked respectively by green, red, blue
and light green without obvious correlations with geo-
graphical origins (Supplementary Figure S1C). PVY
isolates were classified into three main subgroups based
on their biological properties and serological character-
istics. However, not much information on PVY strains in
tobacco is available. In this study, 54 PVY isolates were
divided into two phylogenetic groups based on their CP
gene sequences marked respectively by green and red
(Supplementary Figure S1D). For further study, the mis-
match distributions were evaluated to understand the
population states of TMV, CMV, TEV, and PVY. Since
the shapes of the mismatch distributions were multimodal
and ragged, TMV, CMV, TEV, and PVY plausibly exis-
ted as molecularly variable populations or stable sub-
populations in the field.

In order to explore the reasons for molecular variable
of these four viruses, the recombination was detected
among these isolates. For CMV, TEV, and PVY, the
phylogenetic network analysis performed using the
Neighbor-Net method implemented in the SplitsTree4
software resulted in non-tree-like phylogenetic networks.
This suggests that recombination events may be contrib-
uting to the evolution of CMV, TEV, and PVY. Based
on the recombination detection methods, three putative
recombination events were identified. For CMV, one
isolate (Guihzou_1) had Fujian_1 as its major parent and
Shaanxi_1 as its minor parent (Supplementary Table S3).
The TEV isolate DQ871331.1 had Hubei_2 as its major
parent, and Shaanxi_1 as its minor parent (Supplement-
ary Table S3). PVY isolate Anhui_2 had Guizhou_1 as
its major parent, and Guizhou_2 as its minor parent
(Supplementary Table S3). Since multiple independent
clones from a specific RT-PCR product were analyzed,
these recombination events were not due to sequencing
errors. Recombination naturally existed in the CMV,
TEV and PVY populations, which was an important
evolutionary factor. Compared with CMV, TEV and
PVY, no recombination was identified in the genetic di-
versity of the TMV CP gene. Further studies on whole
genomes will be required to identify recombination in-
cidents to comprehend the role of recombination in the
genetic diversity and evolution of TMV.

In conclusion, this study indicated that TMV, CMV,
TEV and PVY are distributed widely and present as ge-
netically distinct variants in 12 provinces of China. The
TMV, CMV, TEV and PVY populations were in a stable
condition in this study. Recombination was one of im-
portant evolutionary factors shaping the genetic struc-

tures of CMV, TEV and PVY populations. The informa-
tion from this study was useful in understanding the epi-
demiology of TMV, CMV, TEV, and PVY, and this in-
formation should be useful in the design of long-term,
sustainable control strategies for these viral diseases.
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