
Evidence for increased efficiency of virus transmission
by populations of Mediterranean species of Bemisia tabaci
with high Hamiltonella prevalence

Vinicius Henrique Bello & Luís Fernando Maranho Watanabe & Beatriz Rosa Santos &

Julio Massaharu Marubayashi & Valdir Atsushi Yuki & Bruno Rossitto De Marchi &
Marcelo Agenor Pavan & Renate Krause-Sakate

Received: 26 September 2018 /Accepted: 3 April 2019 /Published online: 17 April 2019
# Springer Nature B.V. 2019

Abstract Bemisia tabaci is an important agriculture pests
and vector of viruses. The MEAM1 species of B. tabaci,
first described in Brazil in the 90s is now the most preva-
lent species and primary cause of the emergence of
begomoviruses in tomatoes. The Mediterranean species
(MED) was recently detected in Brazil and is a new
concern for Brazilian agriculture. The potential impact of
this species as a vector of economically important virus in
Brazil is unknown. We therefore evaluated the ability of
MED to transmit four whitefly transmitted viruses preva-
lent in Brazil, Cowpea mild mottle virus (CpMMV,
carlavirus), Bean golden mosaic virus (BGMV,
begomovirus) infecting beans; and the Tomato severe ru-
gose virus (ToSRV, begomovirus), Tomato chlorosis virus
(ToCV, crinivirus) infecting tomatoes. The colony ofMED
harbouring the secondary endosymbionts was tested: 14%
positive for Hamiltonella and 29% positive for Rickettsia.
After six months being maintained on cotton plants, this
colony changed the frequency of endosymbionts (97% of
Hamiltonella and 1% of Rickettsia) and was denominated
as MEDH. Additionally, a colony of MEAM1 (98% pos-
itive forHamiltonella and 91% positive for Rickettsia) was
also tested. The viruses were efficiently transmitted by

MED, but transmission efficiency varied among the
MED and MEDH, being CpMMV, BGMV and ToCV
better transmitted by MEDH. Moreover, transmission effi-
ciency of ToSRV and ToCV by MEDH was even signifi-
cantly better than MEAM1. We conclude that specimens
from B. tabaci MED are good vectors of virus infecting
tomato and beans in Brazil and populations with
Hamiltonella prevalence increased the virus transmission.
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Introduction

The whitefly Bemisia tabaci (Gennadius) (Hemiptera:
Aleyrodidae) is a phloem–feeding insect that inflicts a
serious worldwide threat by direct feeding on plants and
by the transmission of more than 300 plant virus species
(Gilbertson et al. 2015). Bemisia tabaci transmits virus-
es of the genera Begomovirus, Crinivirus, Carlavirus,
Ipomovirus and Torradovirus (Navas-Castillo et al.
2011), with the viruses of the genus Begomovirus
highlighted, representing 90% of the viruses transmitted
by whiteflies.

Bemisia tabaci is considered as a cryptic species
complex (Boykin and De Barro 2014; De Barro et al.
2011; Dinsdale et al. 2010). In Brazil, only four species
of the complex are reported to date: the indigenous
species from the New World group, New World 1
(NW1) and New World 2 (NW2) (Marubayashi et al.
2013), and the exotic invasive species Middle East-Asia
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Minor 1 (MEAM1, also called B biotype) and Mediter-
ranean (MED, also called Q biotype) (Barbosa et al.
2015). Among the species of this complex, MEAM1
andMED are the most important worldwide (Hadjistylli
et al. 2016). The MEAM1 species was first recorded in
Brazil in the early 1990’s (Lourencao and Nagai 1994)
and is now the primary vector of plant viruses in the
country (Ribeiro et al. 1998; Inoue-Nagata et al. 2016).

The Mediterranean species was first reported in Brazil
in Rio Grande do Sul State in 2014 (Barbosa et al. 2015)
and more recently in the states of Santa Catarina, Paraná,
São Paulo and Minas Gerais (Moraes et al. 2017; Moraes
et al. 2018). The dispersion ofMED is continuing in Brazil
and raising great concerns for farmers across the country
mainly because this whitefly species is associated with low
susceptibility to insecticides which hinders control
(Horowitz et al. 2005; Yao et al. 2017).

Begomoviruses infecting vegetables and weeds are typ-
ically native to Brazil (Barreto et al. 2013), so the potential
of MED as a vector of these viruses is unknown. More-
over, populations of B. tabaci harbour different symbiotic
bacteria compositions, in which some endosymbionts are
reported to enhance and reduce virus transmission capabil-
ity. According to Ghosh et al. 2018, the Arsenophonus
endosymbionts has negative effect in East African cassava
mosaic virus transmission by B. tabaci. However, the
endosymbiont Rickettisia in B. tabaci was reported to
increase Tomato yellow leaf curl virus (TYLCV) transmis-
sion (Kliot et al. 2014), as well, Hamiltonella has been
identified as responsible for high TYLCV transmission
efficiency (Gottlieb et al. 2010; Su et al. 2013). Populations
ofB. tabaciMEAM1 inBrazil has been reportedwith high
frequency of Hamiltonella and Rickettsia, while for MED
different sets and frequency were observed (Moraes et al.
2018; Marubayashi et al. 2014), but there is not studies
indicating the role of specific endosymbionts on virus
transmission.

Therefore, the goal of this study was to evaluate the
ability of MEDwith low and highHamiltonella frequency
to transmit the begomovirus, Bean golden mosaic virus
(BGMV) and the carlavirus, Cowpea mild mottle virus
(CPMMV) to beans, this later an emergent virus infecting
beans and soybean in Brazil (Faria et al. 2016; Zanardo
et al. 2014). We also tested the transmission of Tomato
severe rugose virus (ToSRV), that is the prevalent
begomovirus species infecting tomato in Brazil and the
crinivirus Tomato chlorosis virus (ToCV), frequently
found on mixed infection with ToSRV (Macedo et al.
2014). Viruses were tested in single and mixed infections.

Materials and methods

Establishing whitefly populations

For the transmission assays, one colony ofMEAM1 and
one colony of MED were established. The whiteflies
were collected in the field and separately reared on
cotton plants in controlled conditions (26 °C,
12 L:12D, light 06:00–18:00). MEAM1 was collected
in Campinas/SP (Brassica oleracea) (22°52′14^S,
47°04′38^W) in 2015, and MED (Begonia spp.;
23°22′20^S, 46°10′35^W) was collected in Santa
Isabel/SP in 2015.

For whitefly species identification, the DNA of adult
whiteflies was extracted using the Chelex protocol
(Walsh et al. 1991) and used as a template for a PCR
with C1-J-2195 and TL2-N-3014 primers (Simon et al.
1994) that amplified the partial mtCOI fragment of
B. tabaci followed by restriction fragment length poly-
morphism (RFLP) analysis of the amplicons utilizing
the TaqI enzyme (Bosco et al. 2006). The mtCOI
amplicons were then purified, sequenced and analysed
using a global, curated dataset of mitochondrial COI
(Boykin and De Barro 2014) to confirm the species.

Characterization of endosymbionts

For the characterization of endosymbionts, 100 insects
were analysed per colony. The same DNA was used for
the screening of Portiera aleyrodidarum and the six sec-
ondary endosymbionts Hamiltonella, Rickettsia,
Wolbachia,Arsenophonus,Cardinium andFritschea using
genus-specific primers targeting the 16S or 23S rDNA
gene. PCR cycling was performed as described by
(Marubayashi et al. 2014). To confirm endosymbiont pres-
ence, the amplified sequences from representative individ-
uals were sequenced. The analysis was repeated every six
months to check the endosymbiont frequency. Colonies of
MEAM1 an MED were maintained on cotton plants.

Transmission assays

Single-infected isolates were assessed for the viruses:
BGMV, CpMMV, ToSRVand ToCV. Virus sources with
mixed infections were also tested (BGMV + CpMMV
and ToSRV + ToCV). CpMMVand BGMVwere main-
tained in common bean cv. Jalo and ToSRV and ToCV
were maintained in tomato plants of cv. Mariana, in
whitefly-proof screened cages (Fig. 1).
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Virus acquisition was performed by transferring white-
fly MEAM1 and MED species with different endosymbi-
ont frequency and compositions (MEDH) to cages contain-
ing plants infected or coinfected with the specific virus/es,
for an acquisition access period (AAP) of 24 h. Following
virus acquisition, whiteflies (10 adults per plant) were
transferred to cages containing healthy tomato plants cv.
Mariana with 3–4 true-leafs or beans cv. Jalo with the
primary leaves-true, using a hand-held aspirator on which
they remained for a 24 h inoculation access periods (IAPs)
under controlled conditions at 30 °C. Thirty plants for each
treatment were individually inoculated in separate cages.
Following inoculation, the plants were sprayed with insec-
ticides (Cartap® and Oberon®) to kill all the whitefly
adults, nymphs and eggs. Plants were grown in whitefly-
proof screened cages in greenhouses. Virus-free adult
whiteflies collected from either rearing cages (MEAM1
and MED) were given inoculation access to 10 non-
infected plants for 24 h at 30 °C as negative controls.
Negative control plants for each treatment were also
sprayed with insecticides at the same intervals as those in
the assays and the presence of virus analysed at 30 days
after the inoculation.

Virus detection

Thirty days after the IAP, plants were analysed for
the presence of viruses. The begomoviruses
(ToSRV and BGMV) were detected by DNA ex-
traction (Dellaporta et al. 1983) and PCR using the
degenerated primer set PAL1v1978/PAR1c496
(Rojas et al. 1993). For detection of ToCV, total
RNA was extracted with Trizol® (Invitrogen) and
submitted to a RT-PCR using primers HS-11/HS-12
(Dovas et al. 2002), which amplified a conserved
region of a heat shock protein (HSP-70). The RT-
PCR was used to make a Nested-PCR using ToC-5/
ToC-6 specific primers of ToCV (Dovas et al.
2002),. CpMMV detection was conducted biologi-
cally by sap transmission into a susceptible plant
(soybean BRS-132) followed by visualization of the
symptoms. Plants showing symptoms were selected
for RNA extraction with a BTotal RNA Purification
Kit (NORGEN)^ followed by a RT-PCR One Step
using AMV@ reverse transcriptase (Promega, Bra-
zil) with the specific primers CpMMV 1280-F/
1696-R (De Marchi et al. 2017).

Fig. 1 Plant virus symptoms
from isolates used in the
transmission assays with thirty
days after inoculation access
periods (IAPs). a Tomato severe
rugose virus (ToSRV) + Tomato
chlorosis virus (ToCV); b
ToSRV; c ToCV; d Bean golden
mosaic virus (BGMV) +Cowpea
mild mottle virus (CpMMV); e
BGMVand f CpMMV
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Statistical analyses

Dates of frequency of endosymbionts and virus trans-
mission efficiency by B. tabaci MEAM1 and MED
were analyzed by chi-square test (p < 0.01) using a
generalized linear model (GLM) with log link functions
or just linear model. The analysis was performed using
the software package R 3.1.0 (RDevelopment C. 2018).

Results

Whitefly colonies

Two colonies harbouring different endosymbiont compo-
sitions were established: the MEAM1 colony with 98% of
individuals testing positive for Hamiltonella and 91%
positive for Rickettsia and MED starting colony with
14% of individuals testing positive for Hamiltonella and
29% positive for Rickettsia. The endosymbionts constitu-
tion of MEAM1 and MED populations was re-evaluated
after six months and one year from the beginning of the
experiments, and an expressive increase of Hamiltonella
(98%) and a decrease of Rickettsia (1%) in MED popula-
tion was verified from the sixth month (Table 1). This
population was named as MEDH.

Transmission assays for bean

The transmission of the viruses changed significantly
according to the colony of B. tabaci tested. In single
infection, the MED population (14% of Hamiltonella
and 29% of Rickettsia frequency) transmitted BGMV

with 53.3% efficiency (16 positive out of 30 tested)
while MEAM1 (98% ofHamiltonella and 91% of Rick-
ettsia) with 93.3% efficiency (28 positive out of 30
tested). MEDH (98% of Hamiltonella and 1% of Rick-
ettsia) transmitted BGMV with 100% of efficiency.
CpMMV, in single infection was transmitted with
56.6% and 90% efficiency by MED and MEAM1,
respectively, and an increase in CpMMV transmission
(56.6 to 96.6%) was observed for MEDH. In mixed
infection of BGMVand CpMMV, the MEAM1 colony
transmitted both viruses with 100% of efficiency, while
MED with 96.6% the CpMMVand 26.6% the BGMV,
respectively. Population of MEDH was not tested for
mixed infection of BGMV+CpMMV.

Transmission assays for tomato

In single-infection, the crinivirus ToCV and the
begomovirus ToSRV were efficiently transmitted to to-
matoes by the populations tested. Comparing MED and
MEDH, an increasing in ToCV transmission could be
observed (83.3% to 96.6%), respectively. An isolate of
ToSRV in single infection was not available at the
beginning of the experiments, so it was not possible to
test this virus for MED colony. ToCV and ToSRV in
mixed infection were more efficiently transmitted by
MEAM1 than MED (Table 2).

Discussion

Our results indicate that the recently introduced B. tabaci
Meditterranean species can be an important vector of

Table 1 Endosymbionts constitution and frequency of Bemisia tabaci MEAM1 and MED population’s tested

Endosymbionts MEAM1 MED

0* 6 12 0 6 12

Portiera aleyrodidarum 100 a 100 100 100 100 100

Hamiltonella 98 ab 99 a 97 a 14 b 97 a 98 a

Rickettsia 91 a 95 a 93 a 29 a 1 b 1 b

Arsenophonus 0 0 0 0 0 0

Cardinium 0 0 0 0 0 0

Wolbachia 0 0 0 0 0 0

Fristchea 0 0 0 0 0 0

a endosymbiont frequency of 100 insects random collected during different times (months*); b Mean followed by different letters indicate significant
differences (p< 0.05) for endosymbiont frequency. MED at 6 and 12 months was called MEDH for high frequency of Hamiltonella
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viruses infecting tomato and beans in Brazil. Additionally,
in this study, the frequency and composition of endosym-
bionts changed with the maintenance of the MED popula-
tion on a specific host (cotton) and in controlled conditions
(Table 1), as was also observed by Su et al. (2013). In our
case, an expressive increase ofHamiltonella (from 14% to
98%) and a decrease of Rickettsia (29% to 1%) was
observed. This population then called MEDH, transmitted
ToCV to tomatoes, BGMVand CpMMV to beans better
than the original population and also proved to be an
excellent vector of ToSRV to tomatoes.

In Brazil, the variability of the secondary endosymbi-
onts found inMED is very large, possibly explained by the
recent and different introductions of the species into the
country (Moraes et al. 2017, 2018). MED populations
worldwide commonly harbour Hamiltonella, Rickettsia,
Cardinium, Wolbachia and Arsenophonus while
Hamiltonella and Rickettsia are commonly found in pop-
ulations of MEAM1 (Gueguen et al. 2010; Czosnek and
Ghanim 2016). Brazilian populations of MEAM1 present-
ed high frequency of Hamiltonella and Rickettsia
(Marubayashi et al. 2014). The colony of MEAM1
established in this work (98% positive for Hamiltonella
and 91% forRickettsia) was considered an excellent vector
of the virus tested.

Bemisia tabaci Mediterranean species is known as an
efficient vector of TYLCV, the most destructive
begomovirus in the world (Pan et al. 2012). The influence
of endosymbiont on virus transmission is very well docu-
mented for B. tabaci MED where the absence or low
frequency of the Hamilltonella results in low transmission

efficiency of TYLCV to tomatoes (Su et al. 2013; Gottlieb
et al. 2010). TYLCVinteracts with the Bheat shock protein
70^ (HSP 70), and after circulation in the insect filter
chamber and midgut, the virus interacts with the GroEl
protein (produced by Hamiltonella) in the haemolymph
and crosses into the insect primary salivary glands
(Ghanim 2014; Gottlieb et al. 2010). For the viruses tested
in this study, there is no information about the contribution
of each specific endosymbiont on virus transmission. Here
we have evidence that frequency ofHamiltonella onMED
populations could also contribute for transmission efficien-
cy of BGMV, CpMMVand ToCV, but further tests should
be performed to understand the influence of the endosym-
biont Hamiltonella for each virus.

In Brazil, theB. tabaciMEAM1 is still the predominant
species (Moraes et al. 2018; Marubayashi et al. 2014,
2013), however, there has been a notable shift in the
whitefly dynamics since the first detection of the MED
species and it dispersion to others regions of the country
(Moraes et al. 2018, 2017; Barbosa et al. 2015). The
Mediterranean B. tabaci species is less susceptible to in-
secticides compared to MEAM1 (Ghanim and
Kontsedalov 2009; Horowitz et al. 2005). Additionally,
the ability of MED to colonize bell pepper (Capsicum
annuum) is significantly higher than that of MEAM1
(Sun et al. 2013). The combination of host and high
insecticide use can lead for the displacement of indigenous
and also the invasive MEAM1 species (Sun et al. 2013).

Furthermore, the emergence of new virus diseases in
several regions can be related to an introduced species of
whitefly. Until the 1990’s, only indigenous species of

Table 2 Efficiency of virus transmission (single and mixed infections) by the specimens of Bemisia tabaciMEAM1 and MED species

Viruses transmitted in single and mixed infection Hosts a Virus tested Populations

MEAM1c MEDd MEDH

BGMV + CpMMV Beans/Beans BGMV 30/30b (100*) ae 8/30 (26.6) b nt

CpMMV 30/30 (100) a 29/30 (96.6) a nt

CpMMV Beans/Beans CpMMV 27/30 (90) a 17/30 (56.6)bc 29/30 (96.6) a

BGMV Beans/Beans BGMV 28/30 (93.3) b 16/30 (53.3) c 30/30 (100) a

ToSRV + ToCV Tomato/Tomato ToSRV 29/30 (96.7) a 22/30 (73.3) b nt

ToCV 29/30 (96.7) a 24/30 (80.0) b nt

ToCV Tomato/Tomato ToCV 23/30 (76.7) c 25/30 (83.3) b 29/30 (96.6) a

ToSRV Tomato/Tomato ToSRV 24/30 (80) b ntf 28/30 (93.3.0) a

a Hosts used for acquisition/transmission; b number of plants infected/tested; *percentage of infection; c secondary endosymbiont frequency
for MEAM1: 98% of Hamiltonella, 93% of Rickettsia; d secondary endosymbiont frequency for MED: 14% of Hamiltonella, 29% of
Rickettsia; H secondary endosymbiont frequency for MEDH : 98% of Hamiltonella, 1% of Rickettsia; f not tested; eMeans followed by
different letters indicate significant difference for virus transmission (p < 0.05)
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B. tabaci of the New World group, also called A bio-
type, were in Brazil (Barbosa et al. 2014; Marubayashi
et al. 2013). Virus-related epidemics were sporadic,
generally occurring in common beans, which are pre-
ferred by native whiteflies for colonization (Costa et al.
1977). With the report of the MEAM1 species in the
early 1990’s (Lourencao and Nagai 1994), outbreaks of
begomoviruses infecting tomatoes occurred in Brazil
(Ribeiro et al. 1998) and are frequent until the present
days, causing great damage to tomatoes (Inoue-Nagata
et al. 2016;Macedo et al. 2014). TheMEAM1 species is
highly polyphagous and was the responsible for trans-
ferring native weed-virus to cultivated hosts (Navas-
Castillo et al. 2011; Barreto et al. 2013).

In China the TYLCV became an emergent virus after
the report of MED (Ning et al. 2015). There is evidence
that the interaction between TYLCVandMED is mutually
beneficial to the virus and its vector, because B. tabaci
MED feeds more efficiently after acquisition of TYLCV
(Moreno-Delafuente et al. 2013). Moreover, the B. tabaci
MED can supress the host plant defences involving the
jasmonic acid (JA) and proteinase inhibitor (PI) and
TYLCVviruliferousMEDwhiteflies increases the longev-
ity and fecundity of non-viruliferous whiteflies that subse-
quently feed on the same plant (Shi et al. 2014). In the
same way, pre-infested tomato plants with viruliferous
TYLCV MED whiteflies, but not with viruliferous
MEAM1, promotes the subsequent whitefly infestation
and induces plant volatile neophytadiene which recruits
whiteflies (Shi et al. 2018). These outcomes have clear
implications in the epidemiology and management of the
TYLCVand whiteflies and help to explain the concurrent
outbreaks of TYLCV and B. tabaci MED in China. The
TYLCV has already been reported in our neighbouring
country Venezuela, in South America (Zambrano et al.
2007) and actions should avoid its arrival in Brazil.

We can conclude that B. tabaciMED represent a great
constraint for Brazilian agriculture, as pest and vector of of
the main important viruses infecting tomatoes and beans
and populations of MED with Hamiltonella prevalence,
can increase the transmission efficiency and contribute for
virus epidemic in different crops.
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