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ABSTRACT: This study was carried out to identify the phylogenetic relationship among Phellinus species by
comparing the DNA sequences of the 5.8S ribosomal DNA (rDNA) and the internal transcribed spacers (ITSs),
ITS1 and ITS2 regions. Two primers from the 3' end of 18S rDNA and the 5' end of 28S rDNA sequences were
chosen to amplify the specific ITS regions of Phellinus spp. Phellinus strains used in the study were divided into
four clusters by the phylogenetic tree based on the amplified regions of ITS and 5.8S rDNA sequences. The first
cluster consist of Phellinus hartigii IMSNU 32041 and Phellinus robustus IMSNU 32068, and the second cluster
consists of Phellinus linteus strains and Phellinus weirianus IMSNU 32021. Phellinus laevigatus KCTC 6229,
KCTC 6230 and Phellinus igniarius KCTC 6227, KCTC 6228 belong to the third cluster. Finally, Phellinus
chrysoloma KCTC 6225 and Phellinus chrysoloma KCTC 6226 are the fourth cluster. In the second cluster the
differentiation between Phellinus linteus strains and Phellinus weirianus species were not possible by the
comparison of the ITS sequences. These results revealed that Phellinus linteus and Phellinus weirianus cannot be
established the concept of species level only by the ITS sequences. Therefore, both physiological and molecular
biological methods as well as the sequences of type strains are necessary to classify the strains of these two
species accurately. The comparison of the ITS sequences of four Phellinus species indicated that the sequences of
the ITS1 generally are more divergent than those of the ITS2. Although the ITS sequences are varied in some
species, the conserved regions in both ITS1 and ITS2 are useful tool to differentiate the species. Phellinus linteus
and related species have their specific sequences in the ITS1 compared to the other species.
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Table 1. Phellinus strains used in the study and the nucleo-
tide size of ITS1, 5.8S, ITS2 regions

Size of Size of Size of
Sources? ITS1 585 ITS2

®p) (bp) (bp)

Phellinus chrysoloma KCTC 6225 268 156 200
Phellinus chrysoloma KCTC 6226 265 157 199
Phellinus igniarius KCTC 6227 230 156 157
Phellinus igniarius KCTC 6228 225 156 204
Phellinus laevigatus KCTC 6229 224 156 195
Phellinus laevigatus KCTC 6230 224 156 151
Phellinus linteus KCTC 6190 285 156 167
Phellinus linteus Namsan No.1 285 156 167
Phellinus linteus DGUM 25003 285 156 167
Phellinus linteus DGUM 25004 285 156 167
Phellinus sp. DGUM 25007 314 156 170
Phellinus linteus IMSNU 31014 285 156 168
IMSNU 32021 311 156 168
IMSNU 32041 293 156 171
IMSNU 32068 208 156 170
JMT11606 199 157 218
(U83486”)

“KCTC: Korean Collection for Type Cultures, Korea Research Tn-
stitute of Bioscience and Biotechnology, Taejon, Korea, IMSNU:
Culture Collection Center Institute of Microbiology Seoul National
University, Seoul, Korea, Namsan No. 1: Namsan Mushroom Farm-
ing Association, Chunchon, Korea, DGUM: Microbiology laboratory
of Dongguk University, Kyongju, Korea(¢], 1997).

“The determined ribosomal DNA sequences were submitted to the
European Molecular Biology Laboratory(EMBL) data library and ac-
cession number are indicated in Table 1.

Species

Phellinus weirianus
Phellinus hartigii
Phellinus robustus
Thelephora terrestris

7+ #5529 genomic DNAS] EzlE )sl4+ Heng
(Heng et al., 1993)9] w48 AR&-slg] o] viy-L of-&3}
2},

PDulj A} o} whokgl vl oFE-2- Whatman No. 1 filter paper=
filtrationt ¥ TE buffer2 A 3slgich. 74 1g% 05 ml
extraction buffer(100 mM Tris-HCI, pH 9.0, 40 mM EDTA),
0.3 ml benzyl chloride, 0.1 ml 10% SDSE AH7}3}a,
vortexing&le] S0°Col|A] 3087t vhe-sigdct. 1 3 0.3 ml
2] 3M sodium acetate, pH 5.05 A 7}sle] d-&<ox] 158
ZF ¥kx]8}3, 4°C, 12000 rppmellA] 15%-7F QA1 B2]5kc).
AP olsl 2kl phenol : chloroform : isoamylalcohol(25 :
24:1)% 93 308 AL F pdzzior AR E
sttt A5 -S4 tubeol] %71 %, RNase(1 mg/ml)E ]
gl %, 2.5 volume®] 100% ethanol-2- 7}sle] = A&
- 20°CellA] 3087k Bt vk}, o § 44 Rl s)
o] AedE ZA2HA W1, 1%l DNA IAES 2
volumn®] 70% ethanol Z washing&}l 3 speed vacol|x] A=
hod 32} 7ol =4l F 0.8% agarose gelitol| 4] #als}

et

PCR(polymerase chain reaction) & primer A

Fig. 1. The location of PCR primers at their complementary re-
gion in the rIDNA units.

ITS 5F primer : 5'-GGA-AGT-AAA-AGT-CGT-AAC-AAG-G-3'
ITS 4R primer : 5-TCC-TCC-GCT-TAT-TGA-TAT-GC-3'

22]§ DNAZYE ITS13 58S 28] 2 ITS2 ¥-9& &
Zsh7] a4 YFAToIN T 20 w4 PCR promix
£ Apgstglon) 222 i3 DNASEE 40ngo 2 24
shgdr}. HRegANe PCR premixe] DNA 1pul, forward
primer(20 pM) 1 4, reverse primer(20 pM) 1 pl, 32} SR/
17 ulE 2o A1 1027 9A41¥2)S 3o mineral oil 20
WE A7kstedcl. PCR H-2712 96°Col| 4] 3037}t dena-
turation, 52°Cel|4] 3037} annealing, 72°Coll*] 17} ex-
tention-S- 303 wkE-5}9ic}. PCR primer:= Saccharomyces
cerevisiae?] 54 F$¢} ArAHoz AUz, 7
primer?] sequencest THe-3 Zit}. ITS9| F&Eof= ohgat
7-e primerEo] Ag-E ¢l on #R2H2QE= Fig. 10 el
ot

PCR product2] HAH|

PCR product®] A A= 1% agarose gelol] PCR product&
100 Ve Agte 2587 2719%8 5 EBrz 943}
51= bandE &2} QIAEX II Gel Extraction Kit(150)2 A|
ZA}e] A2 DNAE elutions}sit).

Band®] F-A|E &4J8}3 3.0 volume?] buffer QX1-& ¢
. vortexing¥t & QIAEX 11 10 plE ¥ 50°C, 10#7} ¥
27 E9} v 282 vt} vortexing 3t Th. WAl E-E] F A
Sole AAst 132] 500 ul buffer QX1, 23]¢] 500 ul
PE bufferS #g]3le] AFSHE AAS L F2 pellets
speed vacollA] AZAF|I 20 W dFgo] S DNAE
QIAEX oA &=odujgdet.

offy,

o 1

Auto-sequencing

PCR productZ ABI 377 7|%-9] auto-sequencers A-8-3}
o Dry Terminator Sequencing 7]¥ 2. % protocolel w2} Al
A8}glc}. Terminator ¥hg-o 8.0 I} A% PCR ¥4
o] =52 galg 3, 10~30 ng/ul X% 3~6 pls} primer 3.2
pMS o] Al whgY 20 W2 FF%ct. PCR ¥Hg-E27]
£ 96°C 10%, 50°C 5%, 60°C 45-2] AL 253) sl
7oz 393}t Long range geld ARE3181T, 90°CellA
heat shockA] 7] uFS-o8-&- jcee]] H}x]3} 3 loadingdlict.

Clustal W multiple alignment

7t #5] AAE 971 9E Clustal W multiple align-
ment(Thompson et al., 1994)5 A|3f5led ¥|xL3} 52, Neigh-
bor-Joining method 2 Al EEA =5 13}
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2 AYeIA AT AATTA 2 585 9191 G714
d& ¥t multiple alignmentE A3t 3 o] A=
Neighbor-Joining methodol| )5 #4Js}ed 2FAIE phylo-
genetic treeS- Fig. 3ol Yiejldigic}. Phylogenetic treee] 4]
o]E2 AAHLeE I clusterE FAstHTH A WA
cluster= Phellinus laevigatus KCTC 62292} KCTC
6230, S WA cluster= Phellinus linteus KCTC 6190,
IMSNU 31014, DGUM 25003, DGUM 25004, Phellinus sp.
DGUM 25007, Namsan No. 13} Phellinus igniarius
KCTC 62285} KCTC 6229, Phellinus chrysoloma KCTC
6225, Phellinus weirianus IMSNU 32021, Phellinus
hartigii IMSNU 32041, Phellinus robustus IMSNU
320682 o]Fyx 31, Al HA clusterl= Phellinus chry-
soloma XCTC 622622 o]Fo]z ).

T2} 5.8 F-9]= elubd o g 1A HEAde] e na
o}, B Aol A8¥l HA Fo|r] Phellinus chry-
soloma KCTC 62262- A|$}3}t -1 =7)7} 156 bpE BT =
gdslsda, A #HA clusterdollA] Phellinus loevigatus

KCTC 62299} KCTC 62302 & 172 37| zjo] & ®elT,
6225 CCGAGTTTACA
6226 CCGAGTGTAGG
6228 CCGAGTTTACA
6229 CGAGTGTAGG
6230 ATGAATTTG-AAAGGCGGAGGCT TGATGCTGGCGCGGAAM-———-CGCGGATGTGCACG
8180 TCGAGTTTT-GAAAGCG-AGACCTGCTGCTGGTGCGAAT ———— CGCGCATGTGCACG
Namsan No.1 TCGAGTTTT-GAAAGCG-AGACCTGCTGCTGGTGCGAAAT-———CGCGCATGTGCACG
25003 TCGAGT TTT-GARAGCG-AGACCTGCTGCTGGTGCGAAAT ————— CGCGCATGTGCACG
25004 TCGAGTTTT-GAAAGCG-AGACCTGCTGCTGGTGOGAAAT————CGCGCATGTGCACG
25007 TCGAGTTTTTGAAAGCG-AGGCTTGCTGCTGGCGCAAGTTAATTTTTGCGCATGTGCACG
31014 TCGAGTTTT-GAAAGCG-AGACCTGCTGCTGGTGCGAAAT——-—CGCGCATGTGCACG
6225 ACTCCCAAACCCCAATGTGAACGTTACCAATCTGTTGCCTCGE——————-—CGGGA
6226 GTTCCTA——————GCGAGC——CCAACCTCCCACC—————————CGTGT
6228 ACTCCCAAACCC-AATGTGAACGTTACCAAACTGTTGCCTCGG-———————-~CGGGA
6229 GTTCCTA-—————GCGAGC~~-~CCAACCTCCCACC —~CGTGT
6230 GCCTTCGTCCTCAA-TCC-A~~TTCAACCCCTGTGCACCTTAT-G—————— GGAG
6190 GTCTTCGCGCTCAAATCC-AACTCAAACCCCTGTGCACCTTAT-ATATCGCGAGTCGAAG
Namsan No.1 GTCTTCGCGCTCAAATCC-AACTCAAACCCCTGTGCACCTTAT-ATATCGCGAGTCGAAG
25003 GTCTTCGCGCTCAAATCC-AACTCAAACCCCTGTGCACCTTAT-ATATCGCGAGTCGAAG
25004 GTCTTCGCGCTCAAATCC-AACTCAAACCCCTGTGCACCTTAT~ATATCGCGAGTCGAAG
25007 GTCTTCGCGCTCAAGTCCCAACTCAAACCCCTGTGCAGCTTATCATATCGCGAGTCGAAG
31014 GTCTTOGCBCTCAAATCC-AAGTCAAACCCCTGTGCACCTTAT-ATATCGCGAGTCGAAG

* * *x *
6225 TTCTCTTGCCCCGGG--—CGCGTCG-CAGCCCCGRATC—~—~CCATGGCGCCCGCOGE
6226 TTACTGTACCTTAGT--—TGCTTCGGCGGEGCCCGCCAT-——TCATGGCCACCGG-GG
6228 TCT-—CTGCCCCGGG———TGCRTCG-CAGCCCOGAA———CCAAGGCGCCCGCCGE
6229 TTACTGTACCTTAGT-——TGCTTCGGCGGGCCCGCCAT———TCATGGCCGCCGG-GG
6230 TTACTAGTCGGCAGT-——AATGTTAGTAGTC———G-——-——AAAGACAAAAGC~—
6190 TTAGTAGCCTGAGGT —~--CTTGTAAGTAATCAGTAG———--AAGGGCGAAAGCGAG
Namsan No.1 TTAGTAGCCTGAGGT-——-CTTGTAAGTAATCAGTAG—————AAGGGCGAAAGCGAG
25003 TTAGTAGCCTGAGGT——CTTGTAAGTAATTAGTAG AAGGGCGAAAGCGAG
25004 TTAGTAGCCTGAGGT———CTTGTAAGTAATTAGTAG AAGGGCGAAAGCGAG
25007 TTAGTAGTCTGAGGTGGGTCTCGTAAGTAATTGTTAGT TAGTAGAAGGGGCGAAAGCGAG
31014 TTAGTAGCCTGAGGT——CTTGTAAGTAATCAGTAG AAGGGCGAAAGCGAG
* * * * * k *
6225 AGGACCAACTCCAAAC--TCTTTTTTCTCTC—————— CGTCGCGGLTCC
6226 GCTCTCAGCCCOGGGC—CCGCGLC - CGCCGGAGA
6228 AGGACCAAC-CAAAAC—TCTTTTT: GTATACCC
6229 GCTCTCAGCCCCGGGC——COGRCE CGCCGGAGA
6230 —TT-ACGCATT GTCGG-CGAAC
6190 TCTT-GCTCGTTAGGTAGCC-TTTCGAAAA-——-{TGAAAGCGAGTGrCGTCCGGTGAAG
Mamsan Mo. 1 TCTT-GCTCGTTAGGTAGCC-TTTCGAAAA-——TGAAAGCGAGTGHCGTCCGGTGAAG
25003 TCTT-GCTCGTTAGGTAGCC-TTTCGAAAA———{TGAAAGCGAGTGICGTCGGGTGAAG
25004 TCTT-GCTCGTTAGGTAGCC-TTTCGAAAA--—~—{TGAAAGCGAGTGHCGTCGGGTGAAG
25007 TCTTTGCTCGTTAGGTAACCCTTTCGAAAAGTGAATGAAAGCGAGCGRCGTCGGGTGAAG
31014 TCTT-GCTCGTTAGGTAGCC-TTTCGAAAA-—~—1{TGAAAGCGAGT Gf-CGTCCGGTGAAG

Fig. 2. Comparison of nucleotide sequence alignment of the
Phellinus. ITS 1:1 - 316 region, 5.8S rDNA: 317 - 455
region, ITS 2: 456 - 648 region.

= WA clustervoljA = Phellinus linteus DGUM 25003¢]
t}E& Phellinus linteus2} QA & 172 7| Alo|E By
th. Al WA clustere! Phellinus chrysoloma KCTC 6226
e #5Ede 2 971371 157 bpolditt. 18n

6225 CGTCGOGGCTCTGTTTTATTTTTGCTCTGAGCCTTTCTCGGCGACCCTAGCGGGCGTCTC
6226 CACCACGAACTC~—————— T—GTCTGATCTAG——T-GAAGTCTGAGTTGATTGTATC
6228 —-TTTATAATCTGAGCCTT-CTCGGCGCCTCTCGTAGGCGTTTC
6229 CACCACGAACTC—— ~—-T-~GTCTGATCTAG~~T-GAAGTCTGAGTTGATTGTATC
6230 ACTT-CAACTATT-——————ATCAACCTTTGTTGTCATGTAGAATGTAATGCTCCTCGT
6190 ACTT-CGGCTTGTCGTTACAAAACACCTTATATTGTCTTTGTGAATGTAATGCTCCTTGT
Namsan No.1 ACTT-CGGCTTGTCGTTACAAAACACCTTATATTGTCTTTGTGAATGTAATGCTCCTTGT
25003 ACTT-CGGCTTGTCGTTACAAAACACCTTATATTGTCTTTGTGAATGTAATGCTCCTTGT
25004 ACTT-CGGCTTGTCGTTACAAAACACCTTATATTGTCTTTGTGAATGTAATGCTCCTTGT
25007 GCTTTCGGCTTGTCGTTACAAA-CCCCTTATATTGTCTTTGTGAATGTAATGCTCCTCGT
31014 ACTT-CGGCTTGTCGTTACAAAACACCTTATATTGTCTTTGTGAATGTAATGCTCCTTGT
* * * *
6225 GA—AAATGAATCAAAACTTTCAACAACGGATCTCTTGGTTCTGGCATCGATGAAGAAC
6226 GC-——AA-TCAGTTAAAACTTTCAACAATGGATCTCTTGGT TCCGGCATCGATGAAGAAC
6228 GA-——AAATGAATCAARACTTTCAACAACGGATCTCTTGGTTCTGGCATCGATGAAGAAG
6229 GC-—AA-TCAGTTAAAACTTTCAACAATGGATCTCTTGGT TCCGGCATCGATGAAGAAC
6230 GGGCGAAATGAAATACAACTTTCAACAACGGATCTCTTGGCTCTCGCATCGATGAAGAAC
6190 GGGCGAAAATAAATACAACTTTCAACAACGGATCTCTTGGCTCTCGCATCGATGAAGAAC
Namsan No.1 GGGCGAAAATAAATACAACTTTCAACAACGGATCTCTTGGCTCTCGCATCGATGAAGAAC
25008 GGGCGAAGATAAATACAACTTTCAACAACGGATCTCTTGGCTCTCGCATCGATGAAGAAA
25004 GGGCGAAAATAAATACAACTTTCAACAACGGATCTCTTGGCTCTCGCATCGATGAAGAAC
25007 GGGCGAAAATAAATACAACTTTCAACAACGGATCTCTTGGCTCTCGCATCGATGAAGAAC
31014 GGGCGAAAATAAATACAACTTTCAACAACGGATCTCTTGGCTCTCGCATCGATGAAGAAC
* *k * * K
6225 GCAGCGAAATGCGATAAGTAATGTGAATTGCAGAATTCAGTGAATCATCGAATCTTTGAA
6226 GCAGCGAAATGCGATAACTAGTGTGAATTGCAGAATTCCGTGAATCATCGAGTCTTTGAA
6228 GCAGCGAAATGCGATAAGTAATGTGAATTGCAGAATTCAGTGAATCATCGAATCTTTGAA
6229 GCAGCGAAATGCGATAACTAGTGTGAATTGCAGAATTCOGTGAATCATCGAGTCTTTGAA
6230 GCAGCGAAATGCGATAAGTAATGTGAATTGCAGAATTCAGTGAATCATCGAATCTTTGAA
6190 GCAGCGAAATGCGATAAGTAATGTGAATTGCAGAATTCAGTGAATCATCGAATCTTTGAA
Namsan No. 1 GCAGCGAAATGCGATAAGTAATGTGAATTGCAGAATTCAGTGAATCATCGAATCTTTGAA
25003 GCAGCGAAATGCGATAAGTAATGTGAATTGCAGAATTCAGTGAATCATCGAATCTTTGAA
25004 GCAGCGAAATGCGATAAGTAATGTGAATTGCAGAATTCAGTGAATCATCGAATCTTTGAA
25007 GCAGCGAAATGCGATAAGTAATGTGAATTGCAGAATTCAGTGAATCATCGAATCTTTGAA
31014 GCAGCGAAATGCGATAAGTAATGTGAATTGCAGAATTCAGTGAATCATCGAATCTTTGAA
6225 CGCACATTGCGCCCGCCAGTATTCTGGCGGGCATGCCTGTCCGAGCGTCATTICAACCCT
6226 CGCACATTGCGCCCCCTGGTATTCCGGGGGGCATGCCTGTCCGAGCGTCATTGCTGCCCA
6228 CGCACATTGCGCCCGCCAGTATTCTGGCGGGCATGCCTGTCCGAGCGTCATTTCAACCCT
6229 CGCACATTGCGCCCCCTGGTATTCCGGGGGGCATGCCTGTCCGAGCGTCATTGCTGCCCA
6230 CGCACCTTGCGCTCCTTGGTATTCCGAGGAGCATGCCTGTTTGAGTGTCATGTTAATCTC
6190 CGCACCTTGCGCCCCTTGGTATTCCGAGGGGCATGCCTGTTTGAGTGTCATGTTTATCTC
Namsan No.1 CGCACCTTGCGCCCCTTGGTATTCCGAGGGGCATGCCTGTTTGAGTGTCATGTTTATCTC
25003 CGCACCTTGCGCCCCTTGGTATTCCGAGGGGCATGCCTGTTTGAGTGTCATGTTTATCTC
25004 CGCACCTTGCGCCCCTTGGTATTCCGAGGGGCATGCCTGTTTGAGTGTCATGTTTATCTC
25007 CGCACCTTGCGCCCCTTGGTATTCCGAGGBGCATGCCTGTTTGAGTGTCATGTTTATCTC
31014 CGCACCTTGCGCCCCTTGGTATTCCGAGGGGCATGCCTGTTTGAGTGTCATGTATATCTC
Krkkkk Kkkkkk K *hkxKKKx N K kAkREKIRANKK Fhk hhkkkk
6225 CGAACCCCTCC GGCCCCTCGGCGTTGGGG-—**~V4~AT
6226 TCAAGCAG GGCTTGTGTGTTGGGTC—————— GT
6228 CGAACCCCTCC GGGGGGTCGGCGTTGGGG-—~——AT
6229 TCAAGCAC GGCTTGTGTGTTGGATC-~~—~——GT
6230 AACTCCCTTGT—TT~CTTAA-—————— CTCGGGTGTTAGACTTGGAGGTT—--~GC
6190 AAACCGCTCGTCTTT-CTTAATTG-AAGGGCTTGAGGT TTGGACTTGGAGGTTT-ACTGC
Namsan No. 1 AAACCGCTCGTCTTT-CTTAATTG-AAGGGCTTGAGGT TTGGACT TGGAGGTTT-ACTGC
25003 AAACCGCTCGTCTTT-CTTAATTG-AAGGGCTTGAGGT TTGGACT TGGAGGTTT-ACTGC
25004 AAACCGCTCGTCTTT-CTTAATTG-AAGGGCTTGAGGT TTGGACTTGGAGGTTT-~ACTGC
25007 AMACCGCTCGTCTTTTCTTAATCGGAAGGGC TTGAGGTTTGGACTTGGAGGTTTTACTGC
31014 AAACCGCTCGTCTTT-CTTAATTG-AAGGGCTTGAGGTTTGGACTTGGAGGT TT-AGTGC
* * * *kFK
6225 CGGCCCCTCACCGGGC-———-CGCCCCCGAAATACAGTGGC~GGTCTCGCCRCAGLCTC
6226 CGTCCCCTCTCCGGGGG-—GGACGGGCCCCAAAGGCAGCGGC-GGCACCGCGTCCGATCC
6228 CGGCCCTGCCTCTGGCGRTGGCOGTCTCCGAAATACAGTGGC-GGTCTCGCCRCAGCETC
6229 CGTCCCCTCTCCAGEGG—GGACGGGCCCCAAAGGCAGCGGC-GGCACCGCGTCOGATCC
6230 TGGCCCCATTTGTGG-—TCGGCTCTTCTTAAATGCATTAGCTGGGCTTTGGCTCGCGTT
6190 TGGCGCCTTTCGAGGGG-TCGGCTCCTCTTAAATACATTAGCTGGGCTTTGGCTCGCGTT
Namsan No.1 TGGCGCCTTTCGAGGGG-TCGACTCCTCTTAAATACATTAGCTGGGCTTTGGCTCGCGTT
25003 TGGCGCCTTTCGAGGGG-TCGGCTCCTCTTAAATACATTAGCTGGGCTTTGGCTCGCGTT
25004 TGGCGCCTTTCGAGGGG-TCGGCTCCTCTTAAATACATTAGCTGGGCTTTGGCTCGOGTT
25007 TGGCGCCTTTCGAGGGG-TCGGCTCCTCTTAAATACATTAGCTGGGCTTTGGCTCGCGTT
31014 TGGCGCCTTTCGATGGGTCCGCCTCCTCTTATATACATTAGCTGGGCTTTGGCTCGCGTT
* x x * * Kok ok owx Kk xk
6225 TTCCTGCGCA-GTAGTTTGCAC—ACTCGCACCGGGAGCGCGGCGOGG
8226 T-CGAGCGTATGGGGCTTTGTC—ACCCGCTCTGTAGGCCCGGCCGGE
6228 ~CCTGCGCA-GTAGTTTGCAC——ACTCGCATCGBGAGCGCGGC———
6229 T-CGAGCGTATGGGGCTTTGTC—ACCCGCTCTGTAGGCCCGGCCGGC
6230 AACGGTGTA-ATAGTAATCTTACATTCACC-——-—-————
6190 TA-COGTGTA-ATAGTTGATTC-CATTCACCAACGAGCGCTTGCCT—
Namsan No.1 TA-CGGTGTA-ATAGTTGATTC-CATTCACCAACGAGCGCTTGCCT—
25003 TA-CGGTGTA-ATAGTTGATTC-CATTCACCAACGAGCGCTTGCCT—
25004 TA-CGGTGTA~ATAGT TGATTC-CATTCACCAACGAGCGCTTGCCT--
25007 TA-CGGTGTA~ATAGTTGATTC-CGTTCACCAACGAGCGCTTGCCT——
31014 TA~CGGTGTA—ATAGTTGATTC—CATTCACCAACGAGCGCTTGCCT——

* ok K * x

Fig. 2. Continued.
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874 P. laevigatus KCTC 6229
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228 P. linteus DGUM 25003

Phellinus sp. DGUM 25007
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P. weirianus IMSNU 32021

P. linteus DGUM 25004
P. linteus IMSNU 31014

P. linteus Namsan No. 1
P. igniarius KCTC 6227
P. igniarius XCTC 6228

228 1P. hartigii IMSNU 32041

P. robustus IMSNU 32068

P. chrysoloma KCTC 6225

P, chrysol KCTC 6226

Fig. 3. The phylogenetic tree based on 5.8S rDNA sequences of
the genus Phellinus by Neighbor-Joining method.
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P. linteus DGUM 25004
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Fig. 4. The phylogenetic tree based on ITS 1 sequences of Phel
linus by Neighbor-Joining method.
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Fig. 5. The phylogenetic tree based on ITS 2 sequénces of Phel-
linus by Neighbor-Joining method.
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Fig. 6. The phylogenetic tree based on 5.88 rDNA and ITS1
ITS2 sequences of the genus Phellinus by Neighbor-Join-
ing method.
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