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For the development of the alternative control system
against the major forest pests, Beauveria spp. F-101,
isolated from a dead larva of Thecodiplosis japonensis,
was selected because this isolate showed high pathoge-
nicities against T. japonensis and Acantholyda parki.
Beauveria spp. F-101 had irregular clustered conidio-
phores and conidia borne on a distinctive apical zigzag
extension, and it showed typical characteristic of the
genus, Beauveria in morphology. For molecular based-
identification, the ribosomal ITS region of Beauveria
spp. F-101 was amplified with ITS1 and ITS4 primers,
and cloned into pGEM-T Easy vector. The amplified
PCR product was 569 bp in size and completely
sequenced. The similarities of the cloned ITS sequence
were 99% and 97% to those of B. bassiana and B.
brongniartii, respectively. In comparison to other spe-
cies among the genus Beauveria, the ITS region of
Beauveria spp. F-101 showed a similarity of 95% to B.
amorpha, 95% to B. tenella, 89% to B. vermiconia and
69% to B. alba, respectively. In addition, in compari-
son to different genus, it had 95% similarities to
Cordyceps militaris and 91% to Paecilomyces tenuipes.
Accordingly, the current result suggests that Beauveria
spp. F-101 was a variant of B. bassiana and it seems to
be a new isolate considering sequence variation in ITS
region.
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Introduction

Thecodiplosis japonensis (the pine needle gall midge) and
Acantholyda parki (the black-tipped sawfly) are two
major pests on pine trees such as Pinus densiflora and P,
koraiensis, etc. and also the notorious forest pests in
Korea (Chung and Shin, 1994; Shin et al., 1998). To con-
trol these two pests, the chemical insecticides were mainly
used through tree trunk injection, soil treatment and air
dispersal. Although chemical control has been efficacious,
the drawbacks such as impact on the non-target organisms
including human, environmental pollution and high cost
have necessitated the more selective control methods
compatible with the environment.

Entomopathogenic fungi are capable of causing high
levels of mortality in insect population and widely dis-
tributed in the taxa of Ascomycotina and Zygomycotina.
Since sericulturists in Asia firstly reported Beauveria
bassiana infections in silkworm (Steinhaus, 1956), several
strains of B. bassiana have been formulated and registered
as commercial products against a wide range of insect
pests (Feng et al., 1994). B. bassiana strains control
insects by causing disease: spores of the fungus land upon
the cuticle of susceptible insects, germinate and force a
germ-tube through the cuticle by a combination of enzy-
matic action and physical pressure. Growth of the fungus
inside the insect causes death by attrition and by disrup-
tion of physiological processes of the insect (Samson ef
al., 1988).

Beauveria comprises two main insect pathogenic spe-
cies, B. bassiana and B. brongniartii, which are mainly
parasitic on Lepidoptera and Coleoptera. Beauveria spe-
cies are classified by the shape of their conidia and the
placement of conidia on the conidiogenous apparatus
(Glare and Inwood, 1998). Up to now, molecular based
approaches such as restriction fragment length polymor-
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phism (RFLP; Maurer et al., 1997), random amplification
of polymorphic DNA (RAPD; Urtz and Rice, 1997) and
rDNA sequence comparison (Shih ez al., 1995) are pop-
ularly used. Among them, the sequence analysis of inter-
nal transcribed spacer (ITS) and 28S rDNA D3 region has
been used for assumption of phylogenetic relationship or
identification (Bruns er al., 1991; Driver et al., 2000).
In our previous report, eight Beauveria strains, which had
over 60% mortality to larvae of T. japonensis, were
selected (Shin et al., 1998). Among them, Beauveria spp.
F-101, isolated from the dead larvae, showed 67.2% mor-
tality at 2.4 x 107 spores/ml against 7. japonensis and also
had high pathogenicity against A. parki (90% mortality at
3 x 107 spores/ml). In this study, we cloned and analysed
ITS region for identification of Beauveria spp. F-101
which had high pathogenicities against 7. japonensis and
A. parki.

Materials and Methods

Fungal isolate and media

Beauveria spp. F-101 was isolated from a dead larva of T.
Japonensis collected in Korean forest. The isolate was
maintained on a Sabouraud dextrose agar (4% dextrose,
1% bacto-peptone, 1.5% agar powder) plus 2% yeast
extract (SDA+Y) medium at 25 and a photoperiod of 15:9
(L : D) hrs (Vandenberg, 1996).

Electron microscopy

The scanning electron microscopy of Beauveria spp. F-
101 was performed according to Cryo-SEM method
(Strivastava et al., 1997). The isolate, B. bassiana F-101
was cultured on a SDA + Y medium for 14 days and then
5 X5 mm size-cultured piece was dipped in liquid nitro-
gen bath for fixation. The specimen was dried, coated
with carbon, stained with gold and observed by scanning
electron microscope (JEOL, JSM-5410 LV, Japan).

Genomic DNA isolation

The isolation of genomic DNA was performed according
to method of Lee and Taylor (1990), with slight modifi-
cation. Viable spores were collected from potato dextrose
broth agar (Vandenberg, 1996) and used as inoculum. The
fungus was cultured 50 mi potato dextrose broth in 250 ml
flask for 7 days at 25°C in darkness with vigorous agi-
tation. The cultured beer was harvested and the collected
sample was ground well in a mortar in the presence of lig-
uid nitrogen. The ground sample was then resuspended
with DNA extraction solution [3% SDS, 50 mM EDTA,
50 mM Tris-HCI (pH 7.2), 1% 2-mercaptoethanol] at a
ratio, 400 pl per 100 mg and incubated for 1 hr at 65°C.

Thereafter, phenol/chloroform extraction and isopropanol
precipitation were performed. The dried DNA pellet was
dissolved with TE buffer (pH 8.0) containing RNase A
(10 mg/ml) and used as template DNA for PCR ampli-
fication.

Oligonucleotides and PCR

For the amplification of internal transcribed spacer (ITS)
region of rDNA from Beauveria spp. F-101, oligonucle-
otides, ITS1 and ITS4 were designed (White ez al., 1990)
and their sequences and binding sites were shown in Fig.
2. For amplification of ITS region, a Polymerase chain
reaction (PCR) was performed with Ex-Taq™ DNA poly-
merase (Takara Co., Japan) using a DNA Thermal Cycler
(Perkin Elmer Co., USA), based on a 30-cycle program,
with each cycle consisting of denaturation at 94°C for 1
min, annealing at 65°C for 1.5 min, and extension at 72°C
for 1 min. Following amplification, the PCR products was
purified using Qiaquick PCR purification kit (Qiagen Co.,
Germany) according to manufacturers protocol and ana-
lyzed by 0.8% agarose gel electrophoresis.

Cloning and nucleotide sequence analysis

For the DNA sequence analysis of the amplified ITS
region, the PCR product was cloned in pGEM-T Easy
vector (Promega Co, USA). The DNA sequence of ITS
region was determined on an ABI sequencer Model 377
(ABI system, USA). The obtained sequence was com-
pared with the known ITS regions of several Beauveria
species and other entomopathogenic fungi using BLAST
search.

Results and Discussion

We isolated Beauveria spp. F-101 from a dead larva of T.
japonensis for the development of the alternative control
system against the major forest pests. This isolate partic-
ularly had high pathogenicities against A. parki as well as
1. japonensis Furthermore, Beauveria spp. F-101 strain
exhibited rapid germination at relatively low temperatures
(4 days at 15°C and 6 days at 10°C) in comparison with
the mean germination time of other Beauveria spp. (5
days at 15°C and 13 days at 10°C) and it was even capable
of germinating at 5°C after 18 days (data not shown). The
germination at low temperature may be a powerful merit
for Beauveria spp. F-101, because this ability can effi-
ciently kill the larvae of T. japonensis regardless of tem-
perature in Korea (Li et al., 2000).

For the morphological identification, the conidia of
Beauveria spp. F-101 were observed by scanning electron
microscopy (Fig. 1). In the genus Beauveria, the conid-
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Fig. 1. Scanning electron microscopy of Beauveria spp. F-101 isolated from a dead larvae of T. japonensis. Size bar indicates 10 um.
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Primer ITS1 5 -TCCGTAGGTGAACCTGCGG-3
Primer ITS4 5 -TCCTCCGCTTATTGATATGC -3
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Fig. 2. Primer design for the amplification of internal tran-
scribed spacer (ITS) of rDNA (A) and, PCR product and clone
(B) of Beauveria spp. F-101 (M, 100 bp ladder; lane I, PCR
product; 2, ITS region cloned in pGEM-T Easy vector).

iophore is characterized by bearing hyaline conidia singly
on zigzag rachis or sterigmata (Tanada and Kaya, 1993).
Beauveria spp. F-101 strain also had irregular clustered
conidiophores and conidia borne on a distinctive apical
zigzag extension and this shape is a typical feature of
Beauveria species in morphology.

To further identify Beauveria spp. F-101, the ribosomal
ITS region flanking the 5.8S subunit was amplified with
ITS1 and ITS4 primers and cloned into pGEM-T Easy
vector (Fig. 2). The amplified PCR product was 569 bp in
size and ITS region was completely sequenced (Fig. 3).

The sequenced ITS region of Beauveria spp. F-101 was
analysed with ITS regions of other fungi using Blast pro-

1 TCCGTAGGTGAACCTGCGGAGGGATCATTACCGAGTTTTCAACTCCCTAACCCTTCTGTG

61 AACCTACCTATCGTTGCTTCGGCGGACTCGCCCCAGCCCGGACGCGGACTGGACCAGCGE
12) CCCGCCGGGGACCTCAAACTCTTGTATTCCAGCATCTTCTGAATACGCCGCAAGGCAAAA
181 CAARATGAATCAAAACTTTCAACAACGGATCTCTTGGCTCTGGCATCGATGAAGAACGCAG
241 CGAAATGCGATAAGTAATGTGAATTGCAGAATCCAGTGAATCATCGAATCTTTGAACGCA
301 CATTGCGCCCGCCAGCATTCTGGCGGGCATGCCTGTTCGAGCGTCATTTCAACCCTCGAC
361 CTCCCCTTGGGGAGGTCGGCGTTGGEGACCGGCAGCACACCGCCGGCCCTGARATGGAGT
421 GGCGGCCCGTCCGCGGCGACCTTTGCGTAGTAATACAGCTCGCACCGGAACCCCGACGCG
481 GCCACGCCGTAAAACACCCAACTTCTGAACGTTGACCTCGAATCAGGTAGGACTACCCGC

541 TGAACTTAAGCATATCAATAAGCGGAGGA

Fig. 3. Nucleotide sequence of the ITS region in Beauveria
spp. F-101. Primer binding sites are underlined.

Table 1. The rDNA sequence similarity based on ITS region of
Beauveria spp. F-101

Species Nucl.eoFide. sequence  GenBank
similarity (%) Acc. No.

B. bassiana 99 ABO27382

B. brongniartii 97 AB027381
B. amorpha 95 U18960
B. tenella 95 U35287
B. vermiconia 89 U18959
B. alba 69 U18961

Cordyceps militaris 95 AJ243774

Paecilomyces tenuipes 91 AB027380

gram (Table 1). The similarities of cloned ITS sequence
were 99% and 97% to those of B. bassiana (GenBank
Acc. No. AB027382) and B. brongniartii (GenBank Acc.
No AB027381), respectively (Nikoh and Fukatsu, 2000).
In comparison to other species among the genus Beau-
veria, Beauveria spp. F-101 had 95, 95, 89 and 69% sim-
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ilarities with B. amorpha (GenBank Acc. No. U18960), B.
tenella (GenBank Acc. No. U35287), B. vermiconia
(GenBank Acc. No. U18959) and B. alba (GenBank Acc.
No. U18961), respectively. In addition, in comparison to
different genus, this isolate had 95% and 91% similarities
to Cordyceps militaris (GenBank Acc. No. AJ243774)
and to Paecilomyces tenuipes (GenBank Acc. No.
AB027380; Nikoh and Fukatsu, 2000).

In conclusion, Beauveria spp. F-101 in this study was
identified as a variant of B. bassiana but this strain seemed
to be a new isolate according to the current result. In view
of forest pest control system, B. bassiana F-101 strain
could be extensively used because of high pathogenicities
against T. japonensis and A. parki and germination prop-
erty at low temperature. Further studies will be required in
order to clarify whether there are pathogenicities of B.
bassiana F-101 against other major forest pests such as
the alder leaf beetle (Agelastica coerulea) and the black
pine bast scale (Matsucoccus thunbergianae), etc.
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