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Recent work reported that Tomato yellow leaf 
curl virus (TYLCV) is seed-transmissible in tomato, 
contrary to previous belief. In this work, we explore 
whether TYLCV is also a seed-borne virus in another 
member of the Solanaceae family, the experimental 
host Nicotiana benthamiana. 

Seed transmissibility of a plant virus is an im-
portant biological property that determines the design 
of effective management strategies to minimize virus- 
caused disease. Seed-borne viruses can be directly 
transmitted from one generation to the next, which in 
turn would act as a new source of inoculum. In the 
case of intermediate weeds that can act as alternative 
hosts growing in or in close proximity to croplands, 
the capability of the virus to persist in the seeds and 
infect the newly emerged plant can have an enormous 
impact on the spread of the disease, since it would 
allow the presence of the virus in the area inde-
pendently of the insect vector and the choice of cul-
tivated crop. 

TYLCV (genus Begomovirus, family Gemini-
viridae) causes the most devastating viral disease of 

tomato, generating severe economic losses (Moriones 
and Navas-Castillo, 2000; http://www.cabi.org/isc/ 
datasheet/55402#). TYLCV is transmitted by the 
whitefly, Bemisia tabaci, and, in addition to tomato, 
can infect other cultivated crops (including bean, 
pepper, tobacco, and potato) as well as weeds. Since 
its first description in 1931, TYLCV has been con-
sidered non-seed-transmissible, like most gemini-
viruses (Kashina et al., 2003; http://www.cabi.org/ 
isc/datasheet/55402#). Importantly, a recent report 
has described that TYLCV-IL (hereafter referred to as 
TYLCV) is in fact seed-transmissible in tomato, and 
that the offspring of infected tomato plants can act as 
a source of inoculum for B. tabaci-mediated trans-
mission (Kil et al., 2016). In the aforementioned work, 
Kil et al. (2016) detect the presence of TYLCV in 
floral tissues and seeds of TYLCV-infected tomato 
plants, as well as in the seedlings germinated from 
these seeds, by polymerase chain reaction (PCR). In 
addition, the authors performed a whitefly transmis-
sion assay by placing one donor tomato plant germi-
nated from a TYLCV-infected seed together with 
three healthy receiver tomato plants in the presence of 
non-viruliferous whiteflies. Given that the healthy 
plants became infected with TYLCV in the course of 
this experiment, Kil et al. (2016) concluded that the 
seed-borne virus is transmissible by the insect vector. 

The discovery of the seed transmissibility of 
TYLCV has come as a surprise to the scientific 
community working on plant-virus interactions, since 
it would mean that this relevant property of TYLCV, 
which would define a potential new transmission 
cycle, as proposed by Kil et al. (2016) has gone un-
noticed by the multiple research groups working on 
TYLCV in both the public and private sectors since 
the description of the virus 75 years ago. The impact 
of these results, however, goes beyond basic science, 
since this newly uncovered property of TYLCV 
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would demand a reassessment of the management and 
control strategies so far implemented for the viral 
disease. 

In order to determine whether seed transmissi-
bility is a general property of TYLCV in different 
host species, we have tested the ability of this virus to 
be transmitted to the offspring via seeds in the ex-
perimental host N. benthamiana (family Solanaceae). 
For this purpose, we infected 4-week-old N. ben-
thamiana plants (n=12; Generation 0 in Fig. 1) with  
a TYLCV infectious clone (GenBank AJ489258) 
using Agrobacterium tumefaciens-mediated inocula-
tion (agroinoculation) in the stem. Plants were kept in 
a growth room under controlled conditions (25 °C,  
16-h light cycle). All TYLCV-inoculated plants dis-
played the typical symptoms of the viral infection, 
including stunting and leaf curling (Fig. 1), to a sim-
ilar extent. Only four of twelve infected plants set 
seed, and in all four cases these were contained in the 
first capsule, which developed after inoculation, ex-
clusively. Seeds coming from each TYLCV-infected 
plant were planted separately, and for each lineage 
(offspring of one given TYLCV-infected plant), four 
plants were inoculated with TYLCV, and four plants 
were mock-inoculated (Fig. 1; Generation 1). Whereas, 
as expected, the TYLCV-inoculated plants developed 
symptoms, the mock-inoculated plants remained 
symptomless until seeds were harvested from both 
TYLCV- and mock-inoculated plants (>12 weeks). 
All inoculated plants produced seeds. Again, seeds 
were planted separately, and infected with TYLCV or 
mock-inoculated (Fig. 1; Generation 2). The results 
obtained in the second generation were similar to 
those of the previous one: regardless of whether they 
came from TYLCV-infected or mock-inoculated plants, 
mock-inoculated plants in this generation remained 
symptomless throughout the duration of the experi-
ment (>12 weeks) (Fig. 1). Symptom evaluation 
correlated with TYLCV accumulation, as measured 
by quantitative PCR (qPCR) with primers to quantify 
the TYLCV Rep gene (TGAGAACGTCGTGTCTT 
CCG and TGACGTTGTACCACGCATCA) and 25S 
ribosomal DNA interspacer (ITS) as the normalizer 
(ATAACCGCATCAGGTCTCCA and CCGAAGTT 
ACGGATCCATTT) (Lozano-Durán et al., 2011). As 
shown in Fig. 1, while TYLCV accumulated in in-
fected plants as expected, the presence of the virus 
could not be detected in any of the mock-inoculated 
plants of Generation 2 at 12 weeks post-infection. 

Considering that a total of 48 mock-inoculated 
plants coming from TYLCV-inoculated plants were 
used in this experiment (16 in Generation 1 (4 line-
ages) and 32 in Generation 2 (8 lineages)), our results 
demonstrate that either TYLCV is not seed- 
transmissible in N. benthamiana, or the rate of 
transmission is too low to be detected in our experi-
mental conditions (<4%), based on the absence of 
symptoms (Fig. 1c). Additionally, we could not detect 
the presence of viral DNA by qPCR in 12 mock- 
inoculated plants coming from TYLCV-infected 
plants (Fig. 1d). These data are in contrast to those 
presented by Kil et al. (2016) in tomato, where the 
infection rates in the offspring of agroinoculated 
TYLCV-infected plants were 80.77% in cotyledons 
and 73.33% in true leaves. TYLCV, therefore, seems 
to behave differently in different host species in terms 
of seed transmissibility. Another possibility that 
cannot be ruled out at the moment would be that dif-
ferences in growth conditions, such as greenhouse 
cultivation versus growth chamber cultivation, dras-
tically affect the efficiency of this process. 

Our results have a potential impact at two dif-
ferent levels. On the one hand, it is important for 
researchers working on this or similar viruses to know 
how their objects of study behave in the model plant 
species used in their experiments—in this particular 
case, to know that TYLCV does not behave as an 
efficient seed-borne virus in the widely employed  
N. benthamiana in standard laboratory conditions. 
However, more importantly, this information can be 
relevant to provide a broader context for the impact of 
TYLCV’s seed transmissibility in tomato with re-
gards to the design of control strategies in the field. 
One of the main risks of seed-borne viruses is their 
ability to persist in weed populations that will act as 
reservoirs, complicating eradication of the disease. 
Our work suggests that seed transmissibility may not 
be a general property of TYLCV: the fact that in the 
Solanaceae N. benthamiana, which is susceptible to 
the virus and supports high viral accumulation,  
TYLCV cannot be transmitted to the next generation 
via the seed suggests that this may also be the case in 
other alternative hosts. Additionally, TYLCV infection 
results in largely reduced seed production in N. ben-
thamiana, which is completely abolished in many cases: 
this effect would counter-select viral propagation 
through seed, even in a scenario of granted seed 
transmissibility. However, as in the case of viral 
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Fig. 1  Tomato yellow leaf curl virus (TYLCV) is not seed-transmissible in Nicotiana benthamiana 
(a) Graphical summary of the experimental design. Twelve four-week-old plants were inoculated with TYLCV (Generation 0). 
Seeds coming from TYLCV-infected plants were planted separately, and for each lineage four plants were inoculated with
TYLCV and four plants were mock-inoculated (Generation 1). Seeds were harvested from TYLCV- and mock-inoculated 
plants coming from the first generation (four plants per lineage), planted separately, and infected with TYLCV or
mock-inoculated as done previously (Generation 2). (b) Disease symptoms index (DSI) used in this work. A value of 0 rep-
resents symptomless plants, whereas a value of 1 to 3 represents plants showing increasing symptom severity, as illustrated in 
the pictures. (c) Average disease symptom severity in plants inoculated with TYLCV (TY-1, TY-2) or mock (M-1, M-2) at 
21 days post-inoculation (dpi). (d) Relative viral DNA accumulation in plants inoculated with TYLCV (TY-1, TY-2) or mock 
(M-1, M-2) as determined by real-time PCR of total DNA extracted from apical leaves at 7, 14, and 21 dpi. Values represent the 
averages of 16 TYLCV-infected plants and 12 mock-inoculated plants, and are relative to that of TY-2 at 7 dpi. Bars represent 
standard errors. One-way analysis of variance (ANOVA) Tukey’s multiple comparison tests were used to distinguish differ-
ences among samples at P-value of <0.05. Different letters indicate statistically significant difference 
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transmission through seeds, the TYLCV-induced 
reduction in seed production might be host-dependent, 
since this effect is not obvious in Arabidopsis thaliana, 
another experimental host for TYLCV (Cañizares et al., 
2015), as also shown in our unpublished observations. 

Whether TYLCV is efficiently transmitted by 
seeds in its several crop and wild host species de-
scribed to date is a question that needs to be investi-
gated and experimentally determined. It should be 
considered that multiple factors may influence the 
outcome of such experiments, including develop-
mental stage of the inoculated plants, inoculation 
method, or presence of secondary pathogen infections. 
Given the practical implications of this research, rig-
orous, comprehensive experimentation will be essential 
to thoroughly define all possible ways of transmission 
of TYLCV and in turn ensure that appropriate policies 
and control strategies are efficiently implemented. 
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中文概要 
 
题 目：番茄黄化卷叶病毒在本氏烟中不具备种子传播性 
概 要：最近有研究报道番茄黄化卷叶病毒在番茄中可以

通过种子传播，这个结论与之前的普遍观念是相

反的。为了确定该病毒的种子传播性是否是在不

同寄主植物中具有普遍性，我们检测了该病毒在

本氏烟中通过种子的传播能力。实验结果证明在

我们的实验条件下，番茄黄化卷叶病毒在本氏烟

中没有种子传播性，从而说明该病毒在不同寄主

植物中的种子传播性是不同的。不同的生长条件

造成影响的可能性也需要被考虑。 
关键词：番茄黄化卷叶病毒；种子传播性；本氏烟 


