
(Phellinus noxius

(Corner) G. H. Cunningham) (Rosellinia

necatrix)(9) (Ganoderma spp.)(2)

(Phytophthora spp.)(5) (Sclerotium rolfsii)

(Xylaria spp.) Kretzchmaria clavus(2)

50% 

120 

(polymerase chain reaction,

PCR) (ribosomal DNA,

rDNA) (internal transcribed

spacer, ITS) ITS1 5.8S ITS2 

( ) Phellinus noxius Phellinus
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Phellinus noxius Phellinus aplahynus Phellinus gilvus Phellinus

laevlgatus Phellinus hoehnelii Phellinus igniarius Phellinus lnermis Phellinus

mombranaceus Kretzchmaria spp. Ganoderma australe Ganoderma tropicum Rosellinia

necatrix Phytophthora paracitica Sclerotium rolfsii genomic DNA

(polymerase chain reaction, PCR) ITS1/ITS4 

(ribosomal DNA, rDNA) ITS1/5.8S/ITS2 

P. noxius ITS PN-1F ( 5'-

agtttgcgctcatccatctc-3') PN-2R ( 5'-agccgacttacgccagcag-3') PN-1F/PN-2R 

PCR P. noxius 414 bp 422 bp 

P. noxius DNA 

0.01 ng PCR 

PN-1F/PN-2R 

P. noxius



aplahynus Phellinus gilvus Phellinus laevlgatus

Phellinus hoehnelii Phellinus igniarius Phellinus

lnermis Phellinus mombranaceus Kretzchmaria spp.

Ganoderma australe Ganoderma tropicum Rosellinia

necatrix Phytophthora paracitica Sclerotium rolfsii

(potato 200 g,

dextrose 20 g, agar 15 g, H2O 1 L, PDA) 

(single-hyphae tip) (single-

arthospore) PDA 

Genomic DNA

(potato dextrose

broth, PDB, Difco Laboratory, Detroit, MI, USA) 

28 (100 rpm) 

5-7 ddH2O 

(EYELA FDU-506) 24 

-20 DNA 

(Genomic DNA Purification kit,  Genemark

Technology Co., Ltd) DNA

(Opron-3000, UV/VIS Spectrophotometer)

260 nm (A260)

DNA (ng/ l) DNA -20

DNA 20 mg 

1.5 ml

360 l A

(Extraction buffer A) 40 l B

(Extraction buffer B) 4 l RNase A solution

10 65 15 

130 l Precipitation solution

5 5 ( 14000

rpm) Spin filter collection tube 

Spin filter 2 ( 14000

rpm) 1.5 ml 

1.5 (binding solution)

spin column collection tube

650 l Spin column 1 

( 13000 rpm)

700 l (wash solution)

1 ( 13000 rpm)

3 ( 14000

rpm) Spin column 1.5 ml 

60 5 100 l Elution solution (70

10 ) Spin column 2 

1 ( 13000 rpm) DNA 

-20

ITS

(polymerase chain reaction,

PCR) DNA

rDNA (internal transcribed spacers )

(universal primers) ITS1

(tccgtaggtgaacctgcgg) ITS4 (tcctccgcttattgatatgc) 

PCR rDNA ITS1/5.8S/ITS2 

0.2 M 0.2 g 

DNA (template DNA) 1 200 M

dNTP (Genemark Technology Co., Ltd, Taiwan) 1U

ZyMTaq polymerase (Zymeset Biology, Taiwan)

(ddH2O) PCR 25 l

Perkin Elmer Thermal Cycler 9700 (Applied Biosystem,

USA) PCR 94 3 

94 45 50 45 72 45 35 

72 7 1.5% Agarose gel/0.5 X

TBE 

(ethidium bromide, EtBr) 

PCR 0.2 g PCR 50 ng

pGEM-T Easy (Promega , Madison, WI, USA) 1

T4 DNA ligase buffer, 1 U T4 DNA ligase 16

12-16 

Escherichia coli DH5

30 42 90 

5 (transformation)

900 l TSB-G (10 g LB (Luria-bertaini),

50 g PEG6000, 25 ml DMSO, 5 ml 1 M MgSO4, 5 ml 1 M

MgCl2, 980 l TSB, 20 l 1 M Glucose) 37

1 5000 rpm 5 

100 l ampicillin

(150 g/ml) X-gal (1.6 g) LB (Luria-bertaini) 

37 12-16 

LB ITS1/ITS4 

PCR 

DNA E. coli ampicillin 150

g/ml LB 37 1.5

ml 5000 rpm 5 

100 l solution I (20 mM

Tris-HCl (pH 8.0), 10 mM EDTA (pH 8.0), 50 mM

glucose) 200

l solution II (0.2 N NaOH, 1% SDS)

150 l

solution III (3 M potassium phosphate, 11.5% glacial

acetic acid)
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5 12000 rpm 5 

2 

5 12000 rpm 10 

70% 12000

rpm 1 

(ddH2O) DNA

DNA DNA 

(Bioscience Co., Ltd. Taiwan) 

(ABI 3730) 

Vector NTI 9.0 

(InforMax, INC., U.S.A.) 

ITS 

Vector NTI 9.0 (InforMax,

INC.,U.S.A) P. aplahynus P. gilvus P.

laevlgatus P. hoehnelii P. igniarius P. lnermis P.

mombranaceus Kretzchmaria spp. G. australe G.

tropicum R. necatrix P. paracitica S. rolfsii

ITS 

P. noxius ITS1 ITS2 

(PN-1F/PN-2R) 

DNA 

Phellinus noxius 195

Table1. Fungal isolates used in this study 
Species Host Isolate
Phellinus noxius - CBS 170.32 1

P. noxius Cinnamomum osmophloeum (cinnamon) PN 095004 
P. noxius Cinnamomum osmophloeum (cinnamon) PN 095005 
P. noxius Kigelia pinnata (sausage tree) PN 14.1 
P. noxius Ficus microcarpa (small-leafed banyan) PN 21 
P. noxius Murraya paniculata Jack. var. paniculata (common jasmine orange) PN 25.1
P. noxius Cinnamomum camphora (camphor tree) PN 32.1 
P. noxius Annona squamosa (custard apple) PNA 4.1 
P. noxius Cinnamomum camphora (camphor tree) PNCC 1.1 
P. noxius Prunus mume (plum) PNP 1.2
P. noxius Pyrifolia pyrifolia (pear) PNP 4.2 
P. noxius Pyrifolia pyrifolia (pear) PNP 8.1 
P. noxius Pyrifolia pyrifolia (pear) PNP 9.1 
P. noxius Dimocarpus longana (longan) PNLn 5.1 
P. noxius Dimocarpus longana (longan) PNLn 9.2 
P. noxius Dimocarpus longana (longan) PNLn 10.1 
P. noxius Dimocarpus longana (longan) PNLn 11.1 
P. noxius Dimocarpus longana (longan) PNLn 14.2 
P. aplahynus Castanopsis carlesii TFRI 34
P. gilvus Castanopsis carlesii TFRI 1022
P. laevlgatus Bauhinia variegate (orchid-tree) TFRI 634
P. hoehnelii - TFRI 500
P. igniarius Ficus sp. (Ficus) TFRI 1162
P. lnermis - TFRI 02
P. mombranaceus - TFRI 468
Rosellinia necatrix Averrhoa carambola (carambola) RN 9.1 
Ganoderma australe Prunus persica (peach) G 35.1 
Ganoderma tropicum Delonix regia (flame tree) G 37.1 
Kretzchmaria sp. Mimusops kauki (mimusops) KL 2.1 
Kretzchmaria sp. Litchi chinensis (litchi) KL 3.1 
Phytophthora parasitica Lilium longiflorum (lily) FPP-1 
Sclerotium rolfsii Lilium longiflorum (lily) FSR 049 

1 isolate provided by Centraalbureau voor Schimmelcultures ; 
isolates provided by Dr. C. C. Chang, Taiwan Forestry Research Institute.



0.2 M 0.2 g DNA 1

200 M dNTP (Genemark Technology

Co., Ltd, Taiwan) 1U ZyMTaq polymerase (Zymeset

Biology, Taiwan) ddH2O PCR 25

l Perkin Elmer Thermal Cycler 9700 PCR 

94 3 94 30 

60 30 72 45 35 72 7

1.5 % Agarose gel/0.5X TBE 

EtBr 

(PN-1F/PN-2R) 

1 

200 M dNTP (Genemark Technology Co., Ltd,

Taiwan) 20, 10, 1, 0.1, 0.01 ng, 1, 0.1 pg 

PN095004 PNP 4.2 genomic

DNA 0.2 M 1U ZyMTaq polymerase

(Zymeset Biology, Taiwan) ddH2O PCR 

25 l Perkin Elmer Thermal Cycler 9700 

PCR 

(PN-1F/PN-2R) 

0.2 g genomic DNA

(PN-

1F/PN-2R) PCR EtBr 

ITS1/ITS4 rDNA

ITS1/5.8S/ITS2 P. noxius 18 

P. aplahynus P. gilvus P. laevlgatus P. hoehnelii
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ITS1 ITS4 Phellinus noxius (P. aplahynus P. gilvus P.
laevlgatus P. hoehnelii P. igniarius P. lnermis P. mombranaceus Kretzchmaria spp. Ganoderma australe G.
tropicum Rosellinia necatrix Phytophthora paracitica Sclerotium rolfsii) genomic DNA PCR M

100 bp marker
Fig. 1. The PCR product bands of the genomic DNA of Phellinus noxius and other root rot fungi (P. aplahynus, P. gilvus,
P. laevlgatus, P. hoehnelii, P. igniarius, P. lnermis, P. mombranaceus, Kretzchmaria spp., Ganoderma australe, G.
tropicum, Rosellinia necatrix, Phytophthora paracitica, Sclerotium rolfsii) using primers ITS1 and ITS4. M, 100 bp
marker.



P. igniarius P. lnermis P. mombranaceus

Kretzchmaria spp. G. australe G. tropicum R.

necatrix P. paracitica S. rolfsii

P. noxius

ITS1/5.8S/ITS2 606 bp 614 bp 

56 75 bp 459 477 bp 

GC 

PN-1F ( 5'-agtttgcgctcatccatctc-3')

PN-2R (5'-agccgacttacgccagcag-3')

20/19 mer TM 60/62

PCR 94

3 94 30 60 30 72 45

35 72 7 1.5 %

Agarose gel/0.5X TBE buffer 

PN-1F/PN-2R P. noxius

414 bp 

422 bp

PN-1F/PN-2R

(PN-1F/PN-2R) 

18 PCR 

414

bp 422 bp ( )

Phellinus P. aplahynus P.

gilvus P. laevlgatus P. hoehnelii P. igniarius P.

lnermis P. mombranaceus Kretzchmaria spp. G.

australe G. tropicum R. necatrix P. paracitica S.

rolfsii DNA PCR 

( )

PN-1F/PN-2R 

20, 10, 1, 0.1, 0.01 ng, 1, 0.1 pg 

PN095004 PNP 4.2 genomic DNA

0.2 M (PN-1F/PN-2R) 0.01 ng 

DNA 

1 pg DNA (

)
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PN-1F/PN-2R DNA PCR CBS170.32 PNP1.2
PNP8.1 PN25.1 PN095004 PNCC1.1 PNLn5.1 PNL n11.1 PNLn14.2 414 bp PNP4.2 PNP9.1
PN14.1 PN21 PN32.1 PN095005 PNA4.1 PNLn9.2 PNLn10.1 422 bp M 100 bp marker
Fig. 2. PCR amplification of template DNA from Phellinus noxius using P. noxius specific primer. The CBS170.32
PNP1.2 PNP8.1 PN25.1 PN095004 PNCC1.1 PNLn5.1 PNL n11.1and PNLn14.2 isolates were 414 bp
PNP4.2 PNP9.1 PN14.1 PN21 PN32.1 PN095005 PNA4.1 PNLn9.2 and PNLn10.1 isolates were 422 bp. M,
100 bp marker.



(PN-1F/PN-2R) 

PN-1F/PN-2R 

PCR 

422 bp (

)

(1)

200 
(10) (13) (11) (15)

(14) (7) (8) (3) Sawada 1928 1942

1943 (Fomes lamaensis) 

18 

120 (1) 1000 

2-3 

1-2 P.

noxius 70 80% 

PCR 

PCR (random

amplified polymorphic DNA, RAPD)

(restriction fragment length polymorphisms
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PN-1F/PN-2R Phellinus noxius (P. aplahynus P. gilvus P.
laevlgatus P. hoehnelii P. igniarius P. lnermis P. mombranaceus Kretzchmaria spp. Ganoderma australe G.
tropicum Rosellinia necatrix Phytophthora paracitica Sclerotium rolfsii) DNA PCR P. noxius

414 bp (CBS170.32) 422 bp (PN095005) M 100 bp marker
Fig. 3. PCR amplification of template DNA from Phellinus noxius and other root rot fungi (P. aplahynus, P. gilvus, P.
laevlgatus, P. hoehnelii, P. igniarius, P. lnermis, P. mombranaceus, Kretzchmaria spp., Ganoderma australe, G. tropicum,
Rosellinia necatrix, Phytophthora paracitica, Sclerotium rolfsii) using P. noxius specific primer. M, 100 bp marker.
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PN-1F/PN-2R PN095004 PNP4.2 DNA M
100 bp marker

Fig. 4. Sensitivity analysis of PCR for Phellinus noxius isolates PN095004 and PNP4.2. The amplified products were
analyzed by 1.5% agarose gel electrophoresis. M, 100 bp marker.

PN-
1F/PN-2R PCR 

CBS170.32 
DNA Health 

Diseased 
CK M 100 bp marker
Fig. 5. Detection of Phellinus noxius by
PCR. Samples from the infected tissues of
Dimocarpus longana and Acasia confuse.
The amplified products were analyzed by
1.5% agarose gel electrophoresis.
CBS170.32, the genomic DNA of
CBS170.32 isolate; Health, healthy tissue;
Diseased, infected tissue; CK, sterile
distilled water. M, 100 bp marker.



analysis, RFLP analysis) (DNA

fingerprinting) PCR 

PCR 

rDNA (6) rDNA 

(well conserved

region) 18S 5.8S 28S

(variable region) ITS1 ITS2 

18S 28S 

ITS1 ITS2 
(12)

rDNA 
(4, 16)

ITS 

rDNA ITS1/5.8S/ITS2 

R. necatrix Ganoderma

spp. Phytophthora spp. S. rolfsii Kretzchmaria spp.

Phellinus

PN-1F/PN-2R rDNA

ITS1/5.8S/ITS2 606 bp

614 bp PN-

1F/PN-2R 414 bp 422

bp PN-1F/PN-2R PCR

P. noxius

CBS170.32 

R. necatrix Ganoderma spp.

Phytophthora spp. S. rolfsii Kretzchmaria spp. 

Phellinus

P. noxius 

ITS 

98% 

National Center for Biotechnology Information

(NCBI) (GenBank) P.

noxius PN-

1F/PN-2R P. noxius

ITS1 ITS2 

PN-1F/PN-2R 

PCR P. noxius

genomic DNA 0.01 ng

PN-1F/PN-2R 

3-4 hr
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1F/PN-2R 

Phellinus
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ABSTRACT

Tsai, J. N.1, 2, Hsieh, W. H.1,Ann, P. J.2, 3, and Yang, C. M.2 2007. Development of specific primers for

Phellinus noxius. Plant Pathol. Bull. 16: 193-202. (1 Department of Plant Pathology, Chung-Hsing

University, Taichung, Taiwan; 2 Plant Pathology Division, Agricultural Research Institute, Council of

Agriculture, Wufeng, Taichung, Taiwan; 3 Corresponding author, E-mail: pjann@wufeng.tari.gov.tw)

Phellinus noxius is a very destructive pathogen which attacks hundred species of woody plants in

Taiwan in recent years. In order to develop a pair of specific primers for rapid and accurate diagnosis

of the disease associated with the pathogen in the fields, the ribosomal DNA (rDNA) sequences in

internal transcript spacer (ITS, including ITS1/5.8S/ITS2) regions from P. noxius and several other

soil-borne fungi were studied. The test fungi included P. noxius (18 isolates), other Phellinus species

(P. aplahynus, P. gilvus, P. laevlgatus, P. hoehnelii, P. igniarius, P. lnermis, P. mombranaceus),

Ganoerma australe, Ganoderma tropicum, Rosellinia necatrix, Kretzchmaria spp., Phytophthora

paracitica and Sclerotium rolfsii. The universal PCR primers ITS1/ITS4 were used to analyze the

DNA sequences of ITS regions for these fungi. Based on the alignments of ITS sequences, a set of

primers PN-1F/PN-2R was designed. The forward primer PN-1F sequence is 5'-agtttgcgctcatccatctc-

3' and the reverse primer PN-2R is 5'-agccgacttacgccagcag-3' . Using PN-1F/PN-2R primers for

PCR amplification under a setup condition and the fungal genomic DNA as templates, a distinct 414

bp or 422 bp fragment were amplified form P. noxius, whereas no PCR products can be amplified

from other soil-borne fungi. The PCR could amplify the fragments recognizable within 3-4 hr when

concentration of purified DNA was higher or equal to 0.01 ng. Meanwhile, similar amplified

fragments were obtained when the diseased root tissues of Dimocarpus longana and Acasia confusa

from P. noxius infested fields were used as templates. Results presented here suggest that the primer

pairs PN-1F/PN-2R can be efficiency in auxiliary identifying P. noxius and accurately and rapidly

detecting diseases caused by the pathogen in the field.

Key words: Phellinus noxius, primer


