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a  b  s  t  r  a  c  t

Bombyx  mori  nucleopolyhedrovirus  (BmNPV)  disease  is one  of  the  most  serious  silkworm  diseases,  and  it
has  caused  great  economic  losses  to  the  sericulture  industry.  So  far,  the  disease  has  not  been  controlled
effectively  by  therapeutic  agents.  Breeding  resistant  silkworm  varieties  breeding  may  be  an effective way
to improve  resistance  to BmNPV  and reduce  economic  losses.  A  precise  resistance-detection  method  will
help to accelerate  the  breeding  process.  For  this  purpose,  here  we  described  the  individual  inoculation
eywords:
ombyx mori nucleopolyhedrovirus
roup inoculation method

ndividual inoculation method
esistance detection
ilkworm

method  (IIM).  Details  of  the  IIM include  pathogen  BmNPV  preparation,  mulberry  leaf  size,  pathogen  vol-
ume,  rearing  conditions,  course  of  infection,  and  breeding  conditions.  Finally,  a  resistance  comparison
experiment  was  performed  using  the  IIM and  the  traditional  group  inoculation  method  (GIM).  The inci-
dence of  BmNPV  infection  and  the  within-group  variance  results  showed  that  the  IIM was more  precise
and  reliable  than  the GIM.

©  2017  Sociedade  Brasileira  de  Entomologia.  Published  by  Elsevier  Editora  Ltda.  This is  an  open
he  CC
access  article  under  t

ntroduction

The domesticated silkworm, Bombyx mori, is an important
conomic insect for silk production. There are several types of
ilkworm diseases, and they cause great economic losses to the
ericulture industry. Among them, B. mori nucleopolyhedrovirus
BmNPV) disease is the most serious (Jiang and Xia, 2014; Xu et al.,
015). BmNPV disease is acute, and the duration from infection to

llness is only approximately 96 h. The body wall of infected silk-
orms breaks easily and, thus, the pathogen pollutes the mulberry

eaves on the silkworm bed, which leads to the rapid spread of
he disease. So far, BmNPV has not been controlled effectively by
herapeutic agents (Bao et al., 2009).

BmNPV, a member of the Baculoviridae family, has two  different
irion phenotypes: an occlusion-derived virus that is transmit-
ed among hosts, and a budded virus that spreads throughout
he host. Occlusion-derived viruses are packaged in polyhedrons
nd form occlusion bodies (OBs) (Chen et al., 2010; Cheng et al.,
014). BmNPV-resistance is related mainly to silkworm strains (Bao
t al., 2009; Lu et al., 2007). The heredity of silkworm resistance

o BmNPV is complicated because it is controlled both by major
ominant genes and multiple micro-effective genes (Yao et al.,
003). Investigations have shown that most silkworm strains are
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sensitive to BmNPV infection and only a few strains have high
resistance (Bao et al., 2009; Jiang and Xia, 2014). Breeding resis-
tant varieties, which improves silkworm resistance to BmNPV, may
help to reduce economic losses (Jiang et al., 2012b). Combining
a multi-generation pathogen attack with classical crossbreeding
techniques can improve the resistance of silkworm varieties to
some extent (Wu et al., 2010). However, traditional crossbreed-
ing methods have some limitations, such as poor accuracy and
low efficiency. Since 2000, increasing molecular techniques have
been applied widely to breeding disease-resistant silkworms (Isobe
et al., 2004; Kanginakudru et al., 2007; Huang et al., 2009; Xu
et al., 2013; Zhang et al., 2014; Jiang et al., 2014). Compared with
traditional breeding technologies, molecular markers and trans-
genic technology are faster and more effective ways to select and
improve disease resistance (Jiang and Xia, 2014; Subbaiah et al.,
2013; Zhang et al., 2014). A few BmNPV-resistant silkworm vari-
eties have been generated using such technologies (Xu et al., 2013).
At present, the group inoculation method (GIM)  is used widely by
breeding units (Lu et al., 2007; Xu et al., 2013; Yang et al., 2013).
However, the GIM does not have a standard operation program;
thus, different researchers use different operational parameters,
such different mulberry size and pathogen volumes. Therefore, the
shortcomings of this method, such as its large standard deviation
and poor repeatability, lead to unreliable results. In addition to

advances in breeding technology, a more scientific and reliable
resistance-detection method is needed to guide the breeding of
BmNPV-resistant silkworm varieties.
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Fig. 1. BmNPV OB.

aterials and methods

ilkworm strains and pathogen
Silkworm strains Dazao, Yangshi, and shi7 were preserved in
he laboratory of the Sericulture and Agri-food Research Institute,
uangdong Academy of Agricultural Sciences, Guangzhou, China.

ig. 2. Mulberry leaf size standards of different larval stages for the IIM. (A) Leaf size for se
arvae.  (D) Leaf size for fifth-instar larvae.
ntomologia 62 (2018) 19–22

The wild-type BmNPV Guangdong strain was also maintained in
the same laboratory.

The individual inoculation method (IIM)

Mulberry (Morus) leaves were cut into different sizes accord-
ing to the instars of the tested silkworm larvae as described below.
Different volumes of a pathogen suspension were transferred with
a pipette and dropped onto the surface of the leaves and gently
smeared to dry. The appropriate volume of the pathogen suspen-
sion is one that dries easily within 1 h. Subsequently, the pathogen
preparation, mulberry cutting, individual inoculation parameters,
and rearing conditions were manipulated as described in Sections
‘BmNPV preparation’ to ‘IIM’.

BmNPV preparation
Newly exuviated fifth-instar larvae were inoculated onto mul-

berry leaves coated with 109 OBs/mL for 4 h, and then they were
fed normal mulberry leaves. The OBs were obtained from the
hemolymph of the infected silkworms, and they were purified by
repeated centrifugation (Rahman and Gopinathan, 2004). The OB
(Fig. 1) concentration was determined with a hemocytometer. The
pathogen suspension was  stored at 4 ◦C before use.
Mulberry leaf size
The favorable size was  that at which the leaves are eaten within

4 h by most of the silkworms, because the leaves remained suffi-
ciently fresh for the silkworms to eat during the time. The suitable

cond-instar larvae. (B) Leaf size for third-instar larvae. (C) Leaf size for fourth-instar
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Table  1
Parameters of the IIM and GIM.

Method Per leaf
size (com)

Larvae
num-
ber/per leaf
(worm)

Pathogen
volume/per
leaf (�L)

Pathogen
dosage/(OBs/mL)

GIM 3.5 5 25 2 × 108

IIM 1.5 1 5 2 × 108

Table 2
The BmNPV infection incidences of the three silkworm strains using the IIM and
GIM.

Method Silkworm strains Number of larvae inoculated Incidence (%)/x̄ ± S

GIM
Darzhao 180 39.4 ± 20.4
Yangshi 180 26.1 ± 10.0
shi7 180 41.1 ± 12.9

Darzhao 180 54.4 ± 1.9
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IIM Yangshi 180 40.6 ± 4.7
shi7 180 50.6 ± 2.8

ulberry leaf sizes for second-, third-, fourth-, and fifth-instar silk-
orms should be 1.0, 1.1, 1.5, and 2.0 cm in diameter (Fig. 2),

espectively.

he pathogen inoculation volume
The favorable inoculation pathogen volume is 5 �L for the 1.1-

nd 1.5-cm diameter leaf disks, and 10 �L for the 2.0 cm leaf disk.

arval stage
Although silkworm larvae have five instars, younger larvae (first

nd second instars) were too easily injured during the experiment.
he fifth instar was too late for the experiment because it need to eat
oo much pathogen, but the pathogen concentration was  too high
nd difficult to smear on the leave. Thus, third- and fourth-instar
arvae were used.

ilkworm rearing cell
The silkworm rearing cell should be made of plastic, which can

e disinfected easily.

ilkworm breeding conditions
First- and second-instar larvae were reared at 27–28 ◦C at

5–90% relative humidity (RH). Third-instar larvae were reared at
6–27 ◦C at 85–90% RH. Fourth- and fifth-instar larvae were reared
t 25–26 ◦C at 75–85% RH. A 12 h light:12 h dark photoperiod was
sed throughout the larval stage.

IM

Leaves were cut according to the larva instar as described in

ection ‘Mulberry leaf size’. Single and intact (without any crevices
r holes) leaf disk was picked and placed in a plastic rearing cell.
ive microliters of the pathogen suspension was transferred with a

ig. 3. GIM for placing silkworms on mulberry leaves. (A) The leaves were arranged in the
ere  placed on each leaf. (C) The leaves after being eaten by the silkworms.
ntomologia 62 (2018) 19–22 21

pipette and dropped onto the surface of the leaf disk, smeared with
a stainless steel or plastic stick, and air dried. After exuviation and
fasting for 8–12 h, silkworms were placed in the plastic cell and fed
the pathogen-contaminated leaf disks. One silkworm should corre-
spond to one mulberry leaf. After feeding for 4 h, the silkworms that
ate the mulberry leaves were selected and grouped, and then these
silkworms were reared on fresh mulberry leaves under the required
breeding conditions. The numbers of the silkworms that exhibited
the typical symptoms of BmNPV were recorded daily, and the inci-
dence of BmNPV infection was analyzed using statistical software
as described below.

Comparison of the IIM and GIM

Resistance detection was  performed by the IIM and GIM using
the three silkworm strains mentioned above. Newly exuviated
fourth-instar silkworms were used for the test. The sizes of the mul-
berry leaves, numbers of larvae per leaf, and pathogen volume per
leaf are given in Table 1. Infected silkworms were recorded during
the process of breeding. Each method was  replicated three times
and each replicate consisted of 60 larvae. The incidence of BmNPV
infection and the standard deviation were analyzed using SPSS for
Windows, version 16.0 (SPSS Inc., Chicago, IL, USA).

Results

Comparison of the incidence of BmNPV infection using the IIM and
GIM

The incidences of BmNPV infection of silkworms (Table 2) of the
same strain differed using the two  detection methods (Figs. 3 and 4).
The BmNPV infection incidence using the IIM was  higher than that
of the GIM, and the intra-group standard deviation was lower.

Discussion

The incidences of BmNPV infection using the GIM and IIM were
compared. The IIM group exhibited a higher incidence of infection
and a lower intra-group standard deviation than the GIM, which
can be explained because the amount of BmNPV eaten by each silk-
worm was not equal using the GIM, as some larva did not eat or
ate only a small amount of the BmNPV-treated mulberry leaves.
Thus, the greatest weakness of the GIM was  its inability to quan-
tify how much each larva ate, which made it difficult to distinguish
individual differences of BmNPV resistance. In contrast, the IIM,
with individual inoculation at its core, avoids many of the problem
caused by different external factors. Thus, the IIM is better than
the GIM, and it provides detection results with good reliability and

repeatability. In previous studies, we  detected and selected some
disease-resistant silkworm varieties using the IIM, which were cre-
ated by transgene overexpression technology or RNA interference
(Jiang et al., 2012a, 2012b, 2013a, 2013b).

 box after smearing them with BmNPV, and then they were air dried. (B) Five larvae
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ig. 4. IIM for placing silkworms on mulberry leaves. (A) One larva was placed on e

Rose Meire Costa Brancalhão’s research group used a similar
noculation method to study the cytopathology of the B. mori tra-
hea and pylorus infected with BmNPV (Baggio et al., 2014; Senem
t al., 2016). They provided the parameters for mulberry leaf disk
ize and pathogen volume for newly molted fifth-instar larvae.
ere, we described more parameters that are suitable for differ-
nt instars. The method could be used to study other infectious
ilkworm diseases by oral infection, such as B. mori cytoplasmic
olyhedrosis virus and Nosema bombycis.
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