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New Hybrid Strains via Intraspecific Protoplast Fusion of the Entomopathogenic

Fungi Lecanicillium spp.
(Strain Hibrid Baharu melalui Pelakuran Protoplas Intraspesies oleh Kulat Entomopatogen Lecanicillium spp.)
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ABSTRACT

The entomopathogenic fungal genus Lecanicillium Gams and Zare (formerly classified as the species Verticillium
lecanii) includes species that are highly pathogenic to many insect genera. In this study, we identified six Lecanicillium
spp. isolated strains (designated as V1-V6) belonging to L. lecanii (V1, V3 and V5) and L. attenuatum (V2, V4 and V6).
In addition, these strains were used to obtain new strains via protoplast fusion, and nit mutants were used for protoplast
selection. Genetic recombination of the hybrid strains was determined using the random amplified polymorphic DNA
(RAPD) technique. We obtained nine stable fusant strains from 176 new hybrid strains, which were termed V,-10, V, -3,
Vit V6, V,-8V, 14,V -5V, -16and V -7. Morphological characteristics varied between the hybrid and parental
strains. Genomic DNA analysis of the fusants also showed genetic recombination. The median lethal concentration
(LC,,) for the fusants were lower than that for parental strains, and the median survival time (LT, ) for the fusants were
reduced compared with that for parental strains. Thus, these results showed that we produced new, more virulent
hybrid Lecanicillium spp. strains as biological control agents via intraspecific protoplast fusion.
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ABSTRAK

Genus kulat entomopatogen Lecanicillium Gams dan Zare (dahulunya dikelaskan sebagai spesies Verticillium lecanii)
merangkumi spesies yang sangat patogen ke atas banyak genera serangga. Dalam kajian ini, kami mengenal pasti
enam strain pencilan Lecanicillium spp. (dinamakan sebagai VI1-V6) yang merupakan L. lecanii (V1, V3 dan V5) dan L.
attenuatum (V2, V4 dan V6). Selain itu, strain ini digunakan untuk memperoleh strain baharu melalui pelakuran protoplas
dan mutan nit digunakan untuk pemilihan protoplas. Gabungan semula genetik strain hibrid ditentukan menggunakan
teknik DNA polimorfik rawak (RAPD). Sembilan strain fusant stabil diperoleh daripada 176 strain hibrid baharu yang
disebut sebagai V,-10, V, -3, V, -4, V-6, V,-8, V, -14,V, -5, V,-16 dan V -7. Ciri morfologi didapati berbeza antara
strain hibrid dan induk. Analisis DNA genom fusant juga menunjukkan berlakunya gabungan semula genetik. Median
kepekatan maut (LC ) untuk fusant adalah lebih rendah daripada strain induk dan median masa kebolehhidupan (LT )
untuk fusants berkurang berbanding strain induk. Oleh itu, keputusan ini menunjukkan bahawa kami menghasilkan
strain hibrid Lecanicillium spp. baru yang lebih virulen serta mampu bertindak sebagai agen kawalan biologi melalui
pelakuran protoplas intraspesies.

Kata kunci: Kepatogenan ; L. lecannii; L. attenuatum, pelakuran protoplas, strain hibrid

INTRODUCTION entomopathogenic fungi for controlling tiny sucking insects,
Entomopathogenic fungi are effective natural enemies Particularly aphids, thrips, whiteflies, and nematodes in
of insect pests, thus, useful for biocontrol applications agricultural greenhouses (Reddy & Sahotra 2018; Wraight
as environmentally friendly pest control agents or €t al. 2017). Based on morphological observations and
alternatives to chemical insecticides (Almeida etal. 2019; ~ molecular analyses, the new genus Lecanicillium includes
Nyasani et al. 2015). Lecanicillium spp. are important five species (L. longisporum, L. lecanii, L. attenuatum, L.
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muscarium, and L. nodulosum), which were all formerly
classified as V. lecanii (Zimm.) (Gams & Zare 2001; Zare et
al. 2000). Many strains with valuable potential insecticidal
activity against specific insect pests have been isolated
and developed as commercial biopesticides (Ruiu 2018;
Solter et al. 2017). However, there are many bottlenecks
limiting the application of these fungi. Unlike chemical
pesticides, fungal pathogens have been hampered by their
lack of efficacy and the requirement for high amounts of
inocula (Fang et al. 2014; Vega et al. 2009). Thus, isolating
or optimising strains to obtain high-performance fungal
pathogens for use in pest insect control has been a focus
of extensive research efforts.

Virulence can be improved through genetic
engineering (Peng & Xia 2015; Xie et al. 2015) and
protoplast fusion methods (Singh et al. 2015; Strom &
Bushley 2016). Genetic modification increases the killing
speed of L. lecanii. In the most recent study to improve
fungal virulence, exogenous pathogenic genes were
transferred into L. lecanii via an optimised polyethylene
glycol-mediated protoplast transformation system (Zhang
et al. 2016). Meanwhile, protoplast fusion has become
a critical tool for strain improvement to induce genetic
recombination and produce new hybrid strains of fungi
(Leland & Gore 2017; Patil et al. 2015). Additionally,
protoplast fusion has great potential for genetic analysis
because it eliminates the barriers to genetic exchange
imposed by conventional mating systems. Protoplast fusion
has been widely used to improve fungal strains for alcohol
fermentation, thus enhancing the yield of cellulose to
ethanol and to produce new citric acid strains of Aspergillus
niger (Strom & Bushley 2016).

Moreover, this technique has previously been used
for genetic manipulation via the interspecific or self-
fusion of protoplasts to modify industrially important
fungi (Dahlmann et al. 2015). Protoplast fusion is also
an extremely valuable tool in the development of fungal
pathogen strains for commercialisation as biocontrol
agents (Hassan 2014). Nitrate non-utilising (nif) mutants
that are unable to grow on media containing chlorate can
be used for visual selection of positive hybrids in several
fungal species through complementation testing via
protoplast fusion (Parthiban et al. 2018).

The major advantages of using nit mutants are
that spontaneous mutations can be easily carried out to
produce mutants and efficiently selected by their resistance
to chlorate, and they are classified phenotypically
on minimal medium with different nitrogen sources.

Furthermore, nit mutants can be easily recovered
without mutagenic treatment. Mycotal and Vertalec are
commercialised strains that are used to control insects,
and the protoplast fusion method has already been used
to develop new hybrid strains from these original strains.
Aiuchi et al. (2008) described 174 new isolates, and some
of these hybrid strains exhibited enhanced biocontrol
efficacy.

Currently, molecular techniques such as random
amplified polymorphic DNA (RAPD), PCR restriction
fragment length polymorphism (PCR-RFLP), inter-
simple sequence repeat PCR (ISSR-PCR) and denaturing
gradient gel electrophoresis (DGGE) analyses are used
to identify individual strains as well as assess intra-
and interspecies relationships within ecological fungal
populations, including for Lecanicillium spp. (Hasan et
al. 2011; Mitina et al. 2017). The RAPD technique utilises
short random primers and generates repetitive or unique
sequences in profiles, which primarily rely on homology
between primers and template DNA (Kumari & Thakur
2014). This approach does not require prior knowledge
of the sequence, and only a limited quantity of genomic
DNA is needed for PCR amplification.

In this study, we performed the internal transcribed
spacer regions of the ribosomal RNA gene sequencing to
identify six entomopathogenic fungal strains. To obtain
new hybrid strains of Lecanicillium spp., protoplast
fusion experiments were conducted using these strains and
nit mutants as genetic markers. In addition, the genotypes
were analysed using RAPD and the pathogenicity was
assayed with aphids to compare the parental and fusant
strains.

MATERIALS AND METHODS

STRAINS

A total of six Lecanicillium spp. fungal strains (named
V1, V2, V3, V4, V5, and V6) were isolated from the
hemiptera group of insects (whiteflies, aphides and
coccids) and herbivorous mites. These strains differed
in virulence levels and were used as biocontrol agents
(BCAs).

GENOMIC DNA EXTRACTION AND FUNGAL STRAIN
IDENTIFICATION

Pure hyphae harvested from the strains were inoculated
into 250 mL Erlenmeyer flasks containing Potato
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Dextrose Broth (PDB) and cultured at 26 °C for 20 days.
Genomic DNA from the parental and hybrid strains
was isolated using a GenElute™ Plant Genomic DNA
Miniprep Kit (Sigma-Aldrich, St. Louis, MO, USA), and
DNA extraction procedures were performed according to
the manufacturer’s protocols. Two universal primer pairs
(ITS4 and ITSS) were used to amplify the ITS gene from
six strains (White et al. 1990) (Table 1). The gene was
amplified in a 20 pL reaction volume using an ABI PCR
System 9700 cycler (Applied Biosystems, Foster City,
USA) containing DNA sample 50 ng/uL, 10xPCR buffer,
MgCl, 1.5 mM, dNTP 0.2 mM, 1 pL each of the forward
and reverse primer (10 uM), 1U of Taq DNA polymerase
(Therm Fisher Scientific, San Jose, CA, USA) and distilled
water. The reaction condition was 94 °C for 4 min, 35
cycles of 94 °C for 40 s, 50 °C for 40 s and 72 °C for 1
min, and followed by 72 °C for 10 min. The PCR products
were analysed using agarose gel (1.2%) electrophoresis.
The ITS DNA fragments were sequenced using the BGI
sequencing service (Beijing Genomics Institute, China)
and homology search was performed using the Basic Local
Alignment Search Tool (BLAST) programme provided
by the National Center for Biotechnology Information
(NCBY). (http://www.ncbi.nlm.nih.gov/blast).

NIT MUTANT GENERATION AND PHYSIOLOGICAL
PHENOTYPES

Nit mutants were generated according to the method
described by Korolev and Katan (1997) with slight
modifications. The dosage of KCIO, was 50 g/L in water
agar chlorate (WAC) medium. Cultures exhibiting the
physiological phenotypes of nit mutants were detected
on five media containing different nitrogen sources
according to the method described by Correll et al.
(1987). The five media were nitrate medium (MM), nitrite
medium, hypoxanthine medium, ammonium medium
and uric acid medium. A dual culture technique was used
to evaluate the complementation of nif mutants on MM
plates.

PROTOPLAST FORMATION AND FUSION
Protoplast formation and fusion were performed
according to the method of Aiuchi et al. (2008) with slight
modifications. For protoplast formation, conidia from
the parental nit mutants were harvested and treated with
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5 mL of Celluclast 1.5 L and Lysing Enzymes (Sigma-
Aldrich, St. Louis, MO, USA) in a mixed enzyme solution
for 4 to 5 h at 30 °C. The protoplasts were collected
by centrifugation at 5000xg for 5 min. Each protoplast
suspension was resuspended in sorbitol solution, further
adjusted to approximately 10° protoplasts/mL and mixed,
treated with an equal volume of prewarmed polyethylene
glycol solution (30%, PEG4000) and incubated at 30
°C. After 15 min, the fusion mixture was washed and
centrifuged at 5000xg for 5 min, suspended in the
sorbitol solution and inoculated on MM plates at 25 °C
for purification. Prototrophic colonies grown on the MM
plate were considered the result of gene complementation
by protoplast fusion. Thus, each putative hybrid colony
was sub-cultured on MM media for purification and
sporulation. Only mycelia of colonies that demonstrated
prototrophic growth on the MM plate were identified as
single-spore isolated colonies (Parthiban et al. 2018). After
approximately 20 generations of growth, stable isolates
based on morphology were transferred onto Potato
Sucrose Agar with Chitin medium (PSCA) at 25 °C for
two weeks, and the quantity of aerial mycelia as well as
the shape and colour of the colonies were observed and
evaluated.

FUSANT GENOMIC DNA ANALYSIS

PCR amplifications of parental and fusant strains were
carried out in an ABI PCR System 9700 cycler (Applied
Biosystems, Foster City, USA). A premixed solution
containing 2 pL of 10x PCR Taq buffer with KCI, 1.5
mM MgCl,, 0.2 mM dNTP, and 1U of Taq polymerase
(Therm Fisher Scientific, San Jose, CA, USA) was
used for PCR amplification. A volume of 1 uL of DNA
template and 2 pL of each individual primer were
added into the premixed tubes where a total volume
of 20 pL was achieved by adding distilled water. The
best two of nine primers OPA-02(TGCCGAGCTG) and
OPH-13(GACGCCACAC) were used for RAPD-PCR
amplification, the reaction condition was 94 °C for 5
min, 45 cycles of 94 °C for 1 min, 37 °C for 1 min 30 s,
and 72 °C for 2 min, followed by 72 °C for 10 min (Table
1). Finally, the amplification products were stored at 4
°C and the RAPD band patterns were analysed using
Quantity One software. Phylogenetic trees derived were
constructed using the Unweighted Pair Group Method
with Arithmetic Mean (UPGMA) method.
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TABLE 1. Primers used in this study, (a) Fungal strain identification and analysis (b) Genomic DNA RAPD analysis

Primers sequence (5°-3”) Amplicon Reference
(a)
ITS4 TCCTCCGCTTATTGATATGC
523bp (White et al. 1990)
ITSS5 GGAAGTAAAAGTCGTAACAAGG
(b)
OPA-02 TGCCGAGCTG —
OPB-06 TGCTCTGCCC —
OPB-12 CCTTGACGCA -
OPD-18 GAGAGCCAAC —
OPH-13 GACGCCACAC —
A04 ATCAGCGCACCA —
This study
M13 GAGGGTGGCGGTTCT —
Y CGAGACACAC -
91300 CGAGGTTCGC -

(1) The sizes of (b) were not shown because these PCRs indicated RAPD banding pattern. (2) All amplifications were undertaken for hot start

PATHOGENICITY OF PARENTAL AND FUSANT STRAINS
AGAINST APHIDS

Pathogencity levels of parental and fusant strains were
assayed using nymphs of aphids (Myzus persica)
according to the method described by Akbari et al. (2014).
Aphids were obtained from the greenhouse Chinese
cabbage field at Heilongjiang Academy of Agricultural
Science, China. Aphids were treated with 0.05% (v/v)
Tween 80 as control. Each treatment had three replicates
with 50 aphids per replicate. The mortality of aphids
was recorded every 24 h up to 7 days. The median lethal
concentration (LC,)) and median survival time (LT,,) of
the treated aphids were calculated. All statistical analyses
were performed using SPSS 21.0 (SPSS Inc., Chicago, IL,

USA). The significance level of P <0.05 was accepted
(Wang et al. 2017).

RESULTS AND DISCUSSION

IDENTIFICATION OF ENTOMOPATHOGENIC FUNGAL
STRAINS

Colonies of the parental strains cultivated on PDA
medium were white and thin in appearance with short
aerial (V4), atypical (V1 and V2) or cottony mycelia
(V3, V5 and V6) (Figure 1). The colour and microscopic
observation of parents V1-V6 were identical to known
Lecanicillium spp. cultures (Gams & Zare 2001; Kim
et al. 2007; Wang et al. 2017). The ITS rDNA sequence



data of V1-V6 strains were analysed using the BLAST
programme (NCBI). The results showed that the isolates
of V1, V3 and V5 had 98, 98 and 99% nucleotide identity
with L. lecanii, respectively, while V2, V4 and V6 isolates
showed 99, 100 and 98% nucleotide identity with L.
attenuatum Zare and Gams. Therefore, morphological
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identification combined with molecular analysis
confirmed that the three fungal isolates belonged to L.
lecanii, whereas the other three isolates belonged to L.
attenuatum Zare and Gams (Gene Bank Accession No.
MH231308-MH231313).

FIGURE 1. Colony morphology of six parental strains cultivated
on PDA medium A:V1; B:V2; C:V3; D:V4; E:V5; F:V6

NIT MUTANT GENERATION AND DIFFERENT
PHYSIOLOGICAL PHENOTYPES

Colonies from the six strains were extremely restricted on
WAC medium. After incubation for 30 days, fast-growing
and thin colonies with sectors of chlorate resistance were
visible. When these colonies were transferred to MM
plates, 56.67, 61.53, 76.19, 64.62, 87.00, and 83.00% of
the chlorate-resistant sectors isolated from V1, V2, V3,
V4, V5, and V6, respectively, exhibited thin, expansive

growth with non-aerial mycelia. These sectors recognised
as nit mutants were divided into four phenotypic classes
(nitl, nit2, nit3 and NifM) according to an evaluation of
colony morphology on five media containing different
nitrogen sources (Correll et al. 1987).

However, in this study, nitl, nit3, and NitM, but not
nit2, were detected on WAC medium. The proportions
of nitl and NitM were 94.12 and 5.88% from V1, 81.25
and 18.75% from V2, 91.67 and 8.33% from V3, 83.33



1644

and 16.67% from V4, and 95.40 and 4.60% from V5.
Meanwhile, nitM was not obtained from V6, and the
proportions of nit/ and nit3 from V6 were 98.80 and
1.20%, respectively (Table 2). V1-7 (nitl), V1-1 (NitM)
(derived from V1), V2-20 (nitl), V2-5 (NitM) (derived
from V2), V3-27 (nitl), V3-18 (NitM) (derived from V3),

V4-9 (nitl), V4-2 (NitM) (derived from V4), V5-9 (nitl),
V5-12 (NitM) (derived from V5), V6-37 (nitl), and V6-
36 (nit3) (derived from V6) were selected for protoplast
fusion experiments. Complementation tests demonstrated
that all different phenotype combinations of the parental
nit mutants were incompatible on MM medium.

TABLE 2. Frequency and phenotypes of nit mutants recovered from six isolates of Lecanicillium spp. on WAC medium

No. of No. of No. of nit Nit mutants Phenotypes of nit mutants (%)
Parental strains

. . o

inoculations sectors mutants (%) nitl nit3 NitM
\% 100 30 17 56.67 94.12 0.00 5.88
V2 100 52 32 61.53 81.25 0.00 18.75
V3 100 63 48 76.19 91.67 0.00 8.33
V4 100 65 42 64.62 83.33 0.00 16.67
V5 100 100 87 87.00 95.40 0.00 4.60
Vo6 100 100 83 83.00 98.80 1.20 0.00

PROTOPLAST FUSION OF NIT MUTANTS

In preliminary experiments, there were no back mutations
in each nit mutant after three inoculations (four MM
plates per replication). Through the experiments, we
obtained 24, 4, 44, 18, 10, 16, 32, 16, and 12 (a total of
176) stable hybrid strains from V1-7 (V1, nitl)xV2-5
(V2, NitM), V1-1 (V1, NitM)xV4-9 (V4, nitl), V1-1
(V1, NitM)xV6-37 (V6, nitl), V2-5 (V2, NitM)xV3-27
(V3, nitl), V2-20 (V2, nitl)xV5-12 (V5, NitM), V3-18
(V3, NitM)xV4-9 (V4, nitl), V3-18 (V3, NitM)xV6-37
(V6, nitl), V4-2 (V4, NitM)xV5-9 (V5, nitl) and V5-12
(V5, NitM)xV6-36 (V6, nit3), respectively. These strains
were termed V ,1-24,V 14,V 1-44,V 1-18,V 1-10,
v, 1-16, V., 1-32, V, 1-16 and V 1-12, respectively.
The frequency of protoplast fusion in this study was
appropriate for obtaining the number of products required

for subsequent fusant screening (fusion frequency of 10
%), with the exception of the V1-1 (V1, NitM)xV4-9 (V4,
nitl) combination (fusion frequency of 10%).

Fusant colony morphology was evaluated on PSCA
medium, and rough colonies were not stable. After
approximately 10 to 20 transfers, the colonies stabilised
and appeared flat without sectors. The nif mutants
derived from parental strains produced thin flat colonies
with short aerial mycelia, and all strains showed white
colonies without sectors. However, the colonies of the
fusant strains were clearly distinguishable from their
parental strains based on morphology. These colonies
were roughly grouped into the following four type namely
dense colonies with aerial mycelia (A, B and C), thin
colonies with mycelia (D and E), thin colonies with short
mycelia (F and G), double circle-type colonies (H) and
atypical growth colonies (I) (Figure 2).
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FIGURE 2. Colony morphology of 14-day-old parental and fusant strains on PSCA. A:
V ,-10, dense colony with aerial mycelia. B: V -3, dense colony. C: V-4, dense colony
growth similar to that of V. D: V-6, thin colony similar to that of V,. E: V-8, thin
colony with aerial mycelia. F: V, -14, thinner colony than the parental colony. G: V-5,

thin colony with short aerial mycelia. H: V,.-16, double circle-type colony. I: V-7,
atypical growth-type colony. J: V1. K: V2. L: V3. M: V4. N: V5. 0: V6

GENOMIC DNA ANALYSIS OF HYBRID STRAINS

By optimising reaction conditions and screening random
primers, we identified a significant difference in the
RAPD pattern between the parental and hybrid strains
of Lecanicillium spp. Data from the optimised RAPD
amplification conditions are presented in Figure 3. Out of
the 60 RAPD primers screened, 9 primers (Results of the

best two of the nine primers were shown in Figure 3) were
selected for further analysis. The RAPD banding patterns
of the parental and hybrid strains of Lecanicillium spp.,
determined using the OPA-02 and OPH-13 primers, were
illustrated in Figure 3(a) and 3(b). Nine primers generated
atotal of 790 reproducible, distinct bands ranging from 200
to 3000 bp among the parental and hybrid strains. The
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number of bands per primer was 99 for primer OPA-02, 49
for primer OPB-06, 60 for primer OPB-12, 105 for primer
OPD-18, 120 for primer Y, 70 for primer 91300, 123 for
primer A04, 104 for primer M13 and 60 for primer OPH-
13, with an average of 5.85 polymorphic bands per primer.
Out of the 790 bands, 660 (83.55%) were monomorphic
and 130 bands (16.45%) were polymorphic, showing a
low to moderate degree of polymorphism. Nine and five
different RAPD profiles were produced using OPA-02
and OPH-13 primers, respectively, and most of the strains
appeared to have common bands. The OPA-02 primer
produced a total of nine prominent bands with the sizes
of 2600, 1600, 1450, 950, 850, 750, 550, 475 and 360 bp
(Figure 3(a)). By contrast, the OPH-13 primer produced a
total of five prominent bands with the sizes of 2800, 1350,
1000, 600, and 450 bp (Figure 3(b)). The hybrid strains in
lanes 7, 8,9, 10, 11, 12, 13, 14, and 15 had different banding
patterns compared with the parental strains in lanes 1, 2,
3,4, 5, and 6 with the OPA-02 and OPH-13 primers. Of
the 15 parental and hybrid strains, the maximum number
of bands was observed in lane 15 (V,-7). Lanes 6 (V)
and 12 (V,,-14) demonstrated banding profiles with the
OPH-13 primer that were different from the remaining
strains (Figure 3(b)).

Dendrogram analysis with the OPA-02 primer
(Figure 3(c)) showed that all of the strains were divided

into four major clades. The most prominent clade was
clade I, which contained six different hybrid strains (#10:
V,,-6;#11: V-8, #12: V, -14; #13: V, -5, #14: V,.-16 and
#15: V7). Clade I1I contained three strains (#7: V,-10;
#8:V ,-3and #9: V| -4). These strains had similar banding
patterns, as shown in Figure 3(a). These results showed
clear homogeneity among different hybrid strains. All
three strains were derived from the same parental strains
#1:V1. Clades II and IV presented two (#2: V2 and #3:
V3) and four strains (#1: V1, #4: V4, #5: V5 and #6: V6),
respectively. All of these strains were parental strains.
The five major clades were shown in Figure 3(d), using
the OPH-13 primer. The most prominent clade was clade
V, which contained six different hybrid strains (#1: V1,
#2: V2, #3: V3, #4: V4, #7: V ,-10 and #8: V ,-3). Clade
III contained three strains (#9: V| -4, #10: V-6 and #11:
V,,-8). Among these, the #10 and #11 hybrid strains were
derived from the same parental strain, V2. Clades I (#12:
V,,-14, #15: V. -7), 1T (#5: V5, #14: V,-16) and 1V (#6:
V6,#13: V, -5) were each composed of two strains. Clades
I'and IV were represented by lanes 6 and 12 in the gel
image and showed different RAPD banding patterns. All
of these results indicated that genes in the hybrid strains
resulting from protoplast fusion underwent recombination
and RAPD analysis was feasible to confirm protoplast
fusants.

FIGURE 3. RAPD profiling of 15 Lecanicillium spp. using the (a) OPA-02 primer; (b) OPH-13
primer, M: 100-bp marker (BioLabs); Lane 1: V1; Lane 2: V2; Lane 3: V3; Lane 4: V4; Lane 5: V5;
Lane 6: V6; Lane 7: V| -10; Lane 8: V -3; Lane 9: V -4; Lane 10: V ,-6; Lane 11: V_-8; Lane 12:
V,,-14; Lane 13: V,-5; Lane 14: V_-16; Lane 15: V_-7. Cluster analysis of the RAPD (c) OPA-02
primer; (d) OPH-13 primer with the V1 to V6 and hybrid strains using the UPGMA method with
Quantity One software. #1: V1; #2: V2; #3: V3; #4: V4; #5: V5, #6: V6, #7: V -10; #8: V -3; #9:
V4 #10: V-6, #11: V-8, #12: V14, #13: V, -5, #14: V -16; #15: V_ -7



PATHOGENICITY OF PARENT AND FUSANT STRAINS
AGAINST APHIDS

In addition to the differences observed in colony
morphologies and RAPD profiles as compared to their
parental strains, several fusants showed enhanced
virulence against aphids. The bioassay results indicated
that the fusants were much more efficient in virulence than
the parental strains. The LC, and LT, values were shown
in Figure 4. The different groups of parent and fusant
strains were separated by dotted lines in the figure. The
LC,, values of the parental strains against aphids required
the concentrations of 7.48+0.04x10°, 4.38+0.02x103,
0.95+0.01x10°, 2.84+0.02x10%, 6.49+0.03x10° and
1.0540.04x10° conidia/mL, respectively (#1: V1, #2: V2,
#3:V3,#4: V4, #5: V5 and #6: V6) (Figure 4(a)). The LC,
values of the fusant strains were 4.02+0.03x10° (#7:V -
10; compared with parental strains #1: V1 and #2: V2),
2.23+0.01x10° (#8: V ,-3; compared with parental strains
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#1: V1 and #4: V4), 6.35+£0.03x10° (#9: V, -4; compared
with parental strains #1: V1 and #6: V6), 0.81+£0.02x10°
(#10:V,,-6; compared with parental strains #2: V2 and
#3: V3), 3.32+0.02x10° (#11:V,-8; compared with
parental strains #2: V2 and #5: V5), 0.88+0.04x10° (#12:
V,,-14; compared with parental strains #3: V3 and #4:
V4), 0.78+0.04x10° (#13: V, -5; compared with parental
strains #3: V3 and #6: V6), 2.12+0.05x10°(#14: V -16;
compared with parental strains #4: V4 and #5: V5) and
5.52+0.03x10° (#15: V_-7; compared with parental strains
#5: V5 and #6: V6) conidia/mL, respectively (P <0.05).
The value of LT, were 4.12+0.02 (#7:V ,-10), 3.18+0.03
(#8:V,-3),4.20£0.02 (#9: V, -4), 3.88+0.01 (#10:V ,-6),
4.22+0.02 (#11:V .-8),3.95+0.04 (#12: V,,-14),4.10+0.01
(#13:V,-5),4.03+£0.06 (#14: V,,-16), and 4.160.02 (#15:
V,-7) days for fusants, which were significantly shorter
compared to 4.51+0.01, 5.48+0.05, 4.25+0.04, 4.11+0.02,
4.48+0.02, 4.92+0.03 days for parents #1:V1 to #6: V6,
respectively (P <0.05) (Figure 4(b)).

FIGURE 4. Pathogenicity of parents and fusants against aphids. (a) The LC, of
aphids infected with parents and fusants. (b) The LT, of aphids infected with a
concentration of 1x10% conidia/mL parents and fusants. #1: V1; #2: V2; #3: V3,
#4: VA, #5: V5, #6: V6, #7: V -10; #8: V -3, #9: V| -4, #10: V-6, #11: V-
8, #12: V, -14; #13: V, -5, #14: V .-16; #15: V_-7. Different lowercase letters
indicate significant differences at 0.05 level
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To control agricultural insects more efficiently,
further research on entomopathogenic fungal strain
improvement by protoplast fusion is required. Currently,
studies are primarily focused on developing intergeneric
or interspecific fusants between various species of fungi
with good biocontrol effects (El-Fadly et al. 2018;
Lalithakumari 2019). Hybrid strains acquire enhanced
virulence, a wider host range and higher rhizosphere
competence as a result of such genetic recombination
(Couteaudier et al. 1996; Hirpara & Gajera 2018;
Inderbitzin et al. 2011).

In the present study, based on morphological
observations and ITS gene sequencing analyses,
two fungal isolates were found to belong to different
Lecanicillium spp. (L. lecanii and L. attenuatum).
Therefore, the protoplast fusion experiments with
(V1, V3 or V5) x (V2, V4 or V6) presumably involved
intraspecific hybridisation. Moreover, many parameters are
critical for protoplast generation, including the composition
and structure of the cell wall among different fungal species
and the composition, activity and actions of mixed lytic
enzymes, osmotic stabilisers and other factors. Thus,
optimisation of the experimental conditions is essential,
as a good experimental system is the foundation of fungal
improvement and genetic manipulation (Wu & Chou 2019).
In previous reports, the fusion frequency of intraspecific
hybridisation ranged from 107to 10* in Beauveria and
Metarhizium (Couteaudier et al. 1996; Muralidhar &
Panda 2000). The number of fusion strains produced by
the V1-1 (V1, NitM) and V4-9 (V4, nit]) combination gave
the lowest number of hybrids (only four were obtained)
compared to that of the other combinations in this
study. We assumed that these results were attributed to
genetic barriers between different species (Abbott et al.
2013; Strom & Bushley 2016). Colony morphology and
spore size have been used as fusant markers to identify
intergeneric or interspecific fusion products, given the
significant differences in colony morphology among
species (Parthiban et al. 2018). Aiuchi et al. (2008) showed
that the different colony morphologies of hybrid strains
were primarily attributable to heterokaryons generated
in the final protoplast suspension, and only prototrophic
colonies developed from homokaryons grow on MM
medium. Thus, the authors were easily able to distinguish
the fusants from #i¢ mutants (non-fusing) and homokaryons
(self-fusing) (Strom & Bushley 2016).

PCR with specific primers has been developed and
applied to different fields by other researchers (Kumari
& Thakur 2014; Modi et al. 2017). In particular, earlier

RAPD profiling for Lecanicillium spp. has been reported
and successfully used to differentiate subspecies of L.
attenuatum, L. lecanii, L. longisporum, L. muscarium, and
L. nodulosum (Enkerli & Widmer 2010; Lee et al. 2015;
Mitina et al. 2008; Obornik et al. 2000). In this work, our
results indicated that the RAPD protocol used was able
to detect genetic diversity in the parental and hybrid
strains. Although there are certain disadvantages on RAPD
in terms of reproducibility, primer design, amplification
and other aspects, this technique is still a convenient,
economical, and rapid method that provides information
on genomic variability at the sub-species level.

Our results also showed that the median lethal
concentration (LC, ) for nine fusant strains were lower
than that for parental strains under laboratory conditions.
The LC,, value of fusants and parental strains applied
to aphids was 0.78+0.04x10° to 6.35+£0.03x10° conidia/
mL and 0.95+0.01x10° to 1.05+£0.04x10°¢ conidia/mL,
respectively. Previous studies demonstrated that L.
lecanii and L. attenuatum strains can be highly virulent
towards aphids mostly at 10° to 10® conidia/mL (Asi et al.
2009; Kim et al. 2008). The median survival time (LT, )
for fusant strains were also reduced compared to that for
parental strains. The values observed were in the range of
3.18+0.03 to 4.22+0.02 and 4.11+0.02 to 5.48+0.05 days,
respectively. Thus, we have produced new, more virulent
hybrid Lecanicillium spp. strains via intraspecific
protoplast fusion and some of these strains might be useful
as biological control agents in field applications.

CONCLUSION

The protoplast fusion technique provides a feasible
method for strain improvement, and various molecular
techniques are available as informative DNA markers
for entomopathogenic fungi. In our study, the genetic
exchanges detected have improved the pathogenicity
efficiency. We used six strains of Lecanicillium spp. to
develop superior new hybrid strains of entomopathogenic
fungi via intraspecific protoplast fusion while providing
a prospective procedure to obtain novel microorganisms
as biocontrol agents.
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