189

6. Molecular taxonomy of a new isolated macrofungus designated as KU-Alk4

Using morphological characteristics of the new isolated strain designated as
KU-Alk4 identified the mushroom up to Genus Ganoderma. The morphology was not
clearly enough to identify to species by following the Systematic Mycology.
Therefore, molecular taxonomy using IT4 region of the 28S ribosomal DNA (Figure
54) was used in addition to the morphological approach followed by the construction
of phylogenetic tree.

NS5 TS Irs2
- » -
5.85
o 185 rRNA gene rRNA 285 rRNA gene | _ _
gene
-~k o
NSE \ / ITS4
ITS regions

Figure 54 Structure of the rRNA gene cluster and positions of fungal PCR primers.
The cluster is split into coding (18S, 5.8S and 28S genes) and non-coding
(Internally Transcribed Spacer or ITS) regions. The positions of the PCR
primers and their direction of synthesis are indicated by arrows.



190

6.1 Comparison of ITS4 region

The sequence of ITS4 region (440 nucleotides) of Ganoderma sp. KU-
Alk4 was determined. The sequence was aigned and assembled using CLASTAL
X1.8. Comparative taxonomy of the ITS4 sequence of Ganoderma sp. KU-Alk4 was
performed by comparison to sequence in the GenBank database using BLAST N
program from the NCBI website. The ITS4 of Ganoderma sp. KU-Alk4 was the
closest similar to 18S rDNA of Ganoderma philippii as shown in Figure 55.
Comparative taxonomy of the 2 species showed only 93% identity (414 out of 443
bases) (Figure 56). Characteristics of fruiting body of Ganoderma sp. KU-Alk4 and
Ganoderma philippii were compared in Figure 57. It showed that fruiting body of
Ganoderma sp. KU-Alk4 was not similar to that of Ganoderma philippii.

6.2 Comparison of 18SrDNA

The sequence of 18S rDNA region (1881 nucleotides) of Ganoderma sp.
KU-Alk4 was determined. The sequence was aligned and assembled using CLASTAL
X1.8. Comparative taxonomy of the 18S rDNA sequence of Ganoderma sp. KU-Alk4
was performed by comparison to sequence in the GenBank database using BLAST N
program from the NCBI website. Comparative taxonomy showed that Ganoderma sp.
KU-AIlk4 was the most closely to 18S rDNA of Coriolopsis byrsina strain CRM-46,
Hexagonia hirta strain CBS 515.6 and Ganoder ma australe by 99% and 98% closely
similar to Trametes versicolor BCRC 36387 (Figure 58). Figure 59 showed the
comparison of only 1769 base out of 1881 analyzed bases of 18S rDNA of
Ganoderma sp. KU-Alk4 and that of Coriolopsis byrsina, 1755 bases were identical,
resulted 99% similarity. The 18S rDNA of Ganoderma sp. KU-Alk4 was compared to
that of G. australe as shown in Figure 60. The results showed 99% identity (1753 out
of 1769 bases).
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BLASTN 2. 2.6 [ Apr-09-2007]

Ref erence: Altschul, Stephen F., Thonas L. Madden, Al ejandro A Schaffer,
Ji nghui Zhang, Zheng Zhang, Webb MIler, and David J. Lipman (1997),
"Gapped BLAST and PSI-BLAST: a new generation of protein database search
prograns”, Nucleic Acids Res. 25:3389-3402

Query= KU- Al k4-1TS4
(586 letters)

Dat abase: ddbj pl nl. seq; ddbjpl n2.seq; ddbjpln3.seq; ddbjpln4. seq
ddbj pl n5. seq; ddbj pl n6. seq; ddbj pl n7. seq; ddbj pl n8. seq; ddbj pl n9. seq
/ db/ DDBIJNEW DATA/ b/ new_ddbj pl n. seq; ddbj una. seq;

/ db/ DDBIJNEW DATA/ b/ new_ddbj una. seq; ddbj gssl.seq; ddbjgssl0. seq;

ddbj gss11. seq; ddbjgssil2.seq; ddbjgssl3.seq; ddbjgssl4. seq

Sear ChiNg. . .o done
Score E

Sequences producing significant alignnments: (bits) Value
AJ627584| AJ627584. 1 Ganodernma philippii 18S rRNA gene (partial),... 632 e-178
AF255097| AF255097. 1 Ganoderma sp. JMB7/52 internal transcribed s... 632 e-178
BD082760| BD082760. 1 Met hod for detecting a disease germof oil p... 626 e-176
AF255096| AF255096. 1 Ganoderna sp. DLO08 internal transcribed spa... 624  e-175
AF255095| AF255095. 1 Ganoderna sp. JMB7/2 internal transcribed sp... 624  e-175
AF255094| AF255094. 1 Ganoderma sp. JMB7/3 internal transcribed sp... 624 e-175
AF255093| AF255093. 1 Ganoderna sp. CBS187.31 internal transcribed... 624 e-175
AY456341| AY456341. 1 Ganodernma | uci dum NC-8349 18S ri bosonmal RNA ... 611 e-171
AF255092| AF255092. 1 Ganoderma sp. GYONGYI -0150 internal transcri... 611 e-171
AF255183| AF255183. 1 Ganoderma sp. PKB92/ 040 internal transcribed... 585 e-163
AY089739| AY089739. 1 Perenni pori a subacida isolate HHb-14877-T in... 579 e-162
AF255149| AF255149. 1 Ganodernma sp. JMB8/2 internal transcribed sp... 579 e-162
AY508882| AY508882. 1 Ganoderma sp. TNAU-CRS-1 internal transcribe... 577 e-161
AF255177| AF255177. 1 Ganoder na sp. BAFC2532 internal transcribed ... 577 e-161
AF255176| AF255176. 1 Ganoder na sp. BAFC2531 internal transcribed ... 577 e-161

Figure 55 Score of 1TS4 sequences producing significant alignments compare
between Ganoderma sp. KU-Alk4 and 15 other strains that had the closest
relation.



>AJ627584| AJ627584. 1 Ganoderna philippii 18S rRNA gene (parti al
5.8S rRNA gene, 26S rRNA gene (partial), ITS1 and I TS2,

Score

i sol ate FRI M 589.
Length = 656

632 bits (319), Expect = e-178

Identities = 414/443 (93%, Gaps = 4/443 (0%

Strand = Plus / M nus
Query: 1 ta ggt cagaggt caat gt gt t gt ct - cat aagagacgat t agaagct cgc
_ |||||||||||||||||||||||| NN e R AN RRRAR RN
Shjct: 628 t t gaggt cagaggt cat aaagct gt ctt caact gagacgat t agaagct cgc
Query: 60 ggt cgcggcegt agacaat t at cacaccgagagccgat ccgcaaggaat
, IIIIIIIIIIIIIIIIIIIIIIIIIII EEEEEEEEEEEEr e e e e e e e e e e e
Sbjct: 568 c gt cgcggcegt agacr -t t at cacaccgagagccgat ccgcaaggaac
Query: 120 aagaggagccgaccntt a- - ggccgacaagcct ccaagt ccaagc
_ ||||||||||||||||||||||||||||| ARk
Shjct: 509 t aagaggagccgaccgagaayggccgacaagcct ccaagt ccaagc
Query: 178 ctacaaacccgcaaaggtttat aggttgaagatttcat gacact caaacaggcatgctcc
_ CECTEEE e e et et e e e e e e e e e e e ey
Shj ct: 449 ctacaaaaccacaaaagcttgtaggttgaagatttcatgacact caaacaggcatgctcc
Query: 238 tcggaataccaaggagcgcaaggt gcgtt caaagattcgatgattcactgaattctgcaa
, IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
Shj ct: 389 tcggaat accaaggagcgcaaggt gcgttcaaagattcgatgattcactgaattctgcaa
Query: 298 ttcacattacttatcgcatttcgctgcgttcttcat cgat gcgagagccaagagat ccgt
_ FECTEEEEEEEEr e et e e e e e e e e e e e e e e et e e e e e ey
Shjct: 329 ttcacattacttatcgca cgctgcgttcttcat cgat gcgagagccaagagat ccg
Query: 358 tgctgaaagttgtatatagatgcgttatatcgcaatacacattcatttacttgtaagagt
, CEEEEEEErrrreeeeeerereeere e reeeereeereeererreeer e
Shjct: 269 t aagttgtatat agat gcgttacat cgcaat acacattctgatactttatagagt
Query: 418 ttgtaataaacgcaggcacagac 440
NRRRARARRRR AR AY
Shjct: 209 ttgtaataaacgcaggcacagac 187

192

569

119

510

177

450

237

390

297

330

357

270

417

210

Figure 56 Comparison of ITS4 sequences from Ganoderma sp. KU-Alk4 (Query)

and Ganoderma philippii (Sbjct). BLAST analysisindicated 414 identities
from 443 bases (93%), with 4 gaps.
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Figure 57 Fruiting body of Ganoderma sp. KU-Alk4 (A) and Ganoderma philippii
(B). Figure 57(B) from the book named “mushroom and macrofungi in
Thailand” (Soytong, 1994).



BLASTN 2. 2.15 [ Cct - 15-2006]

Ref erence: Altschul, Stephen F., Thonas L. Madden, Al ejandro A Schaffer,
Ji nghui Zhang, Zheng Zhang, Webb MIler, and David J. Lipman (1997),
"Gapped BLAST and PSI-BLAST: a new generation of protein database search
prograns”, Nucleic Acids Res. 25:3389-3402.

Query= query
(1911 letters)

Dat abase: /a/ DNA. DATA/ ddbj pl nl. seq;
/ a/ DNA. DATA/ ddbj pl n2. seq;
/ a/ DNA. DATA/ ddbj pl n3. seq;
/ a/ DNA. DATA/ ddbj pl n4. seq;
/ a/ DNA. DATA/ ddbj pl n5. seq;
/ a/ DDBIJNEW DATA/ new_ddbj pl n. seq;
/ a/ DNA. DATA/ ddbj phg. seq;
/ a/ DDBIJNEW DATA/ new_ddbj phg. seq
908, 299 sequences; 3,034,693,674 total letters

Sear ChiNg. . . ..o done
Score

Sequences producing significant alignnments: (bits) Va
AY336773| AY336773.1 Coriol opsis byrsina strain CRM 46 18S ri boso... 3420 O.
AY336760| AY336760. 1 Hexagonia hirta strain CBS 515.96 18S ri boso.. . 3420 O.
AY309019| AY309019. 1 Tranetes versicolor strain BCRC 36387 18Sri... 3416 O.
AY309018| AY309018. 1 Tranetes versicolor strain ATCC 11235 18Sri... 3416 O.
AY309017| AY309017.1 Tranetes versicolor strain BCRC 36450 18S ri... 3416 O.
AY309015| AY309015. 1 Tranetes versicolor strain BCRC 36089 18Sri ... 3416 O.
AY309016| AY309016.1 Tranetes versicolor strain BCRC 36093 18S ri ... 3408 O.
AY336763| AY336763. 1 Ganoderna australe strain Wi 9302-56 18S rib... 3404 O.
AY946269| AY946269. 1 Lentinus tigrinus 18S ri bosonal RNA gene, pa... 3398 O.
AY336751| AY336751. 1 Tranetes versicolor strain Wi 9507-7 18S rib... 3396 O.
AY336759| AY336759. 1 Hexagonia hirta strain Wi 9906-35 18S ri boso. .. 3392 0.
AY336766| AY336766.1 Earliella scabrosa strain Wi 9704-83 18S rib... 3390 O.
AY665780| AY665780.1 Grifola sordul enta isolate AFTOL-1D 562 18S ... 3388 0.
AY336758| AY336758. 1 Hexagoni a pobeguinii strain CBS 510.96 18Sr... 3388 0.
AY705969| AY705969. 1 Ganoderne tsugae isolate AFTOL-ID 771 18S ri... 3380 O.
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Figure 58 Score of 18S rDNA sequences producing significant alignments compare
between Ganoderma sp. KU-Alk4 and 15 other strains that had the closest

relation.
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>AY336773| AY336773. 1 Coriol opsis byrsina strain CRM 46 18S ri bosormal
RNA gene, conpl ete sequence.
Length = 1776

Score = 3420 bits (1724), Expect = 0.0
Identities = 1755/ 1769 (99%
Strand = Plus / Plus

Query: 97 gt agt cat 156

Shjct: 1 gt agt cat 60

Query: 157 ctgtgaaactgcgaatggctcattaaatcagttatagtttatttgatggtaccttgctac 216
, CEEEEEEEEEErerererereeeeeeeeeeeeeeeeeeeeereee e e e e e e e e e e e e
Sbjct: 61 aaac tagtttatttgatggtaccttgctac 120
Query: 217 gt aat t ct agagct aat acat gcaat caagccccgacttctg 276
_ ||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||
Shjct: 121 ggat 180
Query: 277 ggtgtatttattagataaaaaaccaacgcggttcgccgcetccattggtgattcataataa 336
, CEEEEEEEEEEEErerererereereeeeeeeeeereeererreeeere e e e e e e e e
Shjct: 181 ggtgtatttattagataaaaaaccaacgcggttcgecgctccattggtgattcataataa 240
Query: 337 cttctcgaatcgcatggccttgcgecggcgatgettcatt caaat atctgccctatcaac 396
_ CECEEEEEEErrere e e e eer e e e e e e e e e e e e e e e e e e
Shjct: 241 cttctcgaatcgcatggecttgtgecggcegatgettcattcaaatatctgecct atcaac 300

Query: 397 456

Sbj ct: 301 360

Query: 457 attccggagagggagcct gagaaacggct accacat ccaaggaaggcagcaggcgcgcaa 516
Shjct: 361 attccggagagggagcct gagaaacggct accacat ccaaggaaggcagcaggcgcgcaa 420

Query: 517 attacccaatcccgacacg gt agt gacaat aaat aacaat at ggggctctttcgg 576

_ ||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||
Shjct: 421 480
Figure59 Comparison of 18SrDNA sequences from Ganoderma sp. KU-Alk4

(Query) and Trametes versicolor (Shjct). BLAST analysisindicated 1773
identities from 1787 bases (99%), with 2 gaps.



Query:
Shj ct:

Query:
Shj ct:

Query:
Shj ct:

Query:
Shj ct:

Query:
Shj ct:

Query:
Shj ct:

Query:
Shj ct:

Query:
Shj ct:

Query:
Shj ct:

Query:
Shj ct:

Query:
Shj ct:

577 gtctcataattggaat gagtacaatttaaatctcttaacgaggaacaatt ggagggcaag 636
CECEETTEEEE e e e e e e et e e e e e e e e e e e e e e e e e e e e e e

481 gtctcataattggaat gagtacaatttaaatctcttaacgaggaacaattggagggcaag 540

637 tctggtgccagcagccgeggt aattccaget ccaat agegt atattaaagttgttgcagt 696
CECEEEEEEEEE e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e

541 tctggtgccagcagccgeggt aattccagcet ccaat agegt at attaaagttgttgecagt 600

697 taaaaagctcgtagttgaacttcagacctg gt ct gcct aacggt at gt actg 756
IIII|IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII|IIIIIIIIIIIIII

601 ctg 660

757 tctggct tcttacctcttggtgagccggcat gecectttrstgggt gt gt cggggaac 816
CECEETEEEEE e e e e e e e e e e e e e e e e tree e e e e

661 ttacctcttggt gagccggcat gccctt cact gggt gt gt cggggaac 720

817 caggacttttaccttgagaaaattagagtgttcaaagcaggcctatgcccggatacatta 876
IIII|IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII FLEEELE

721 agcaggcct at gcccgaat acatta 780

877 tgcggttctattttgttggtttctagagt cgeccgtaa 936
CEPEETTEEEE e e e e e e e e e e e e e e e e e e e e e e e e

781 gtgcggttctattttgttggtttctagagtcgeccgtaa 840

937 tgattaat agggat agttgggggcattagtattcagttgctagaggcgaaattcttggat 996
IIII|IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII FEEEEEEEEET

841 tgattaatagggat agttgggggcattagtattcagttgctagaggtgaaattcttggat 900

997 ttactgaagactaactactgcgaaagcatttgccaaggatgttttcattaat caagaacg 1056
CEEEEEEEEEEE e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e

901 act gaagact aact act gcgaaagca gccaaggatgttttcattaat caagaacg 960

1057 aaggtta at cgaaaacgat cagat accgtt gt agt ctt aacagt aaact atgccga 1116
CEPEETTEEEE e e e e e e e e e e e e e e e e e e e e e e e e e

961 aaggttaggggat cgaaaacgat cagat accgttgtagtcttaacagt aaactatgccga 1020

1117 cta atc cgat ctcaatcttat gtgtcgctcggcacctt acgagaaat caaagtc 1176
CEEEEEEEEEEE e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e

1021 ctagggat cgggcgat ct caat cttat gt gt cgct cggcacctt acgagaaat caaagtc 1080

1177 tttgggttctggggggagt at ggt cgcaaggcet gaaact t aaaggaat t gacggaagggc 1236
FECEETTEEEE e e e e e e e e e e e e e e e e e e e e e e

1081 tttgggttctggggggagt at ggt cgcaaggct gaaact t aaaggaat t gacggaagggec 1140

Figure 59 (Continued)
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Query:
Shj ct:

Query:
Shj ct:

Query:
Shj ct:

Query:
Shj ct:

Query:
Shj ct:

Query:
Shj ct:

Query:
Shj ct:

Query:
Shj ct:

Query:
Shj ct:

Query:
Shj ct:

Query:
Shj ct:

1237 accaccaggagt ggagcct gcggcttaattt gact caacacggggaaact caccaggtcc
CEVEEEEETEET et e e e e e et e e e e e e e e e e e e e
1141 accaccaggagt ggagcctgcggcttaattt gact caacacggggaaact caccaggtcc
1297 agacat gact aggatt gacagattgatagctctttcatgattttat gggt ggtggtgcat
CEEEEEEEEEEE e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e
1201 agacat gact aggattgacagattgatagctctttcatgattttat gggt ggtggtgcat
1357 ggccecgttcttagttggtggagtgatttgtctggttaattccgat aacgaacgagacctta
CEEEEEEEEEEE e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e
1261 ggccgttcttagttggtggagtgatttgtctggttaattccgat aacgaacgagacctta
1417 acctgcttaatagccag gcttttgctggtcgececggcettcttagagggact gtctge
|||I||||||||||||||||||||II||||||||||||||||||||I|||||||||||||
1321 agagggact gt ct gc
1477 gt ctagcagacggaagtttgaggcaat aacaggt ct gt gat gcccttagatgttct gggc
IIII|IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
1381 aacaggt ct gt gat gcccttagat gttct gggc
1537 agagccagcgagnnnnnnncct t ggccggaaggt ct gggt
|||I||||||||||||||||||||II|||||| NRRRRRRRRARR RN NN
1441 gacagagccagcgagtttttttccttggccggaaggt ct gggt
1597 a tcgtgct caattattgctcttcaacgag
CECEEEEEEEEE e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e
1501 aatctt gt gaaactctgtcgtgct ggggat agagcattgcaattattgctcttcaacgag
1657 gaattcctagt aagcgt gagt cat cagct cgcgttgattacgtccctgecctttgtacac
CEEEEEEEEEEE e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e
1561 gaattcctagt aagcgt gagt cat cagct cgcgttgattacgtccctgecctttgtacac
1717 accgcccgtcgct act accgatt gaat ggctt agt gaggt ctt gggat t ggctt cgggga
CECTEEEETEEE e e e e e e e e e e e e e e e e e e e e e e e ey
1621 accgcccgtcgcet act accgatt gaat ggctt agt gaggt ct t gggat t ggctt cgggga
1777 gcaacggcaccct gt cgct gagaact t gat caaact t ggt cat t t agaggaagt aa
IIII|IIIIIIIIIIIIIIIIIIII CEECEEEEErreererererereeer e e
1681 accct gt cgct gaaaact t gat caaact t ggt catt t agaggaagt aa
1837 ggtttccgtaggt gaac 1865
|||I||||||||||||||||||||II|||
1741 tccgt aggt gaac 1769

Figure 59 (Continued)
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>AY336763| AY336763. 1 Ganoderma australe strain W 9302-56 18S

ri bosomal RNA gene, conpl ete sequence
Length = 1774

198

Score = 3404 bits (1716), Expect = 0.0
Identities = 1753/1769 (99%
Strand = Plus / Plus
Query: 97 gt agt cat at gctt gt ct caaagat t aagccat gcat gt ct aagt at aaacaagtttgta 156
, CEEEEEEEEEEerr et e e e e e e e e e et e e e e e e e e e e e e e e e e
Shjct: 1 gt agt cat at gctt gt ct caaagat t aagccat gcat gt ct aagt at aaacaagtttgta 60
Query: 157 ctgtgaaactgcgaatggctcattaaatcagttatagtttatttgatggtaccttgctac 216
, CEEEEEEEEEEerr et e e e e e e e e e e e e e e e e e e e e e e e e e e e e
Sbjct: 61 aaac ct tagtttatttgatggtaccttgctac 120
Query: 217 gt aat t ct agagct aat acat gcaat caagccccgactt ct ggaagg 276
_ ||||||||||||||||||||||||||||||||||||||||||||||||||||| [T
Shjct: 121 ggat caagccccgactt ccggaagg 180
Query: 277 ggtgtatttattagataaaaaaccaacgcggttcgccgcetccattggtgattcataataa 336
, CEEEEEEEEEEErr et e e e e e e e e e e e e e e e e e e e e e e e e
Shjct: 181 ggtgtatttattagataaaaaaccaacgcggttcgecgctccattggtgattcataataa 240
Query: 337 cttctcgaatcgcatggccttgcgecggcgatgettcatt caaat atctgccctatcaac 396
_ CECEEEEEEEEEe e e e e e e e e e e e e e e e e e e e e e e e e e e
Shjct: 241 cttctcgaatcgcatggecttgecgecggcegat gettcattcaaat atctgecct at caac 300
Query: 397 tttcgatggtaggatagaggcctaccat ggtttcaacgggt aacggggaat aagggttcg 456
, CEEEEEEEEEEerr et e e e e e e e e e e e e e e e e e e e e e e e e e e e
Shjct: 301 tttcgatggtaggatagaggcctaccatggtttcaacgggtaacggggaataagggttcg 360
Query: 457 attccggaga agcct gagaaacggct accacat ccaaggaaggcagcaggcgcgcaa 516
, CEEEEEEEEEEErr et e e e e e e e e e e e e e e e e e e e e e e e e e e e e
Shjct: 361 tac a 420
Query: 517 attacccaatcccgacacg gt agt gacaat aaat aacaat at ggggctctttcgg 576
||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||
Shjct: 421 480

Figure60 Comparison of 18SrDNA sequences from Ganoderma sp. KU-Alk4

(Query) and Ganoderma australe (Shjct). BLAST analysisindicated 1773
identities from 1787 bases (99%), with 2 gaps.



Query:
Shj ct:

Query:
Shj ct:

Query:
Shj ct:

Query:
Shj ct:

Query:
Shj ct:

Query:
Shj ct:

Query:
Shj ct:

Query:
Shj ct:
Query:
Shj ct:

Query:
Shj ct:

Query:
Shj ct:

577

481

637

541

697

601

757

661

817

721

877

781

937

841

997

901

1057

961

1117

1021

1177

1081

ggct ggg ctt ggt gagccggcat geectt gt gt cggggaac
CECEEEEEEEEerrreererreerrerreeeeeeeeeeer teeer e e e e
tctggctgggtc ctt ggt gagccggcat geectt gt gt cggggaac

gcct at gcccggat acatt a

agcag
CEEEEEETEeerrr o e
aaagcaggcct at gcct gaat acat ta

L — O
L D

agtt gct agaggcgaaat t ct t ggat

IIII|IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII [ETEETEEEEET
t gat t aat agggat agt t gggggcat t agt at t cagtt gct agaggt gaaatt ctt ggat

ct agggat cgggcgat ct caat ct t at gt gt cgct cggcacct t acgagaaat caaagt c

ct agggat cgggcgacct caat ctt at gt gt cgct cggcacct t acgagaaat caaagt ¢
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Query:
Shj ct:

Query:
Shj ct:

Query:
Shj ct:

Query:
Shj ct:

Query:
Shj ct:

Query:
Shj ct:

Query:
Shj ct:

Query:
Shj ct:

Query:
Shj ct:

Query:
Shj ct:

Query:
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6.3 Phylogenetic relationship

Multiple-sequence alignment of the nucleotide sequences of Ganoderma
sp. KU-AIk4 1TS4 and 18S rDNA and those of other fungi was made using both the
CLUSTAL X1.8 and MEGA2 programs. Then, phylogenetic trees were constructed
by either the Neighbor-Joining, UPGMA or Minimum Evolution (ME) and Maximum
Parsimony (MP) methods. All of the methods showed that Ganoderma sp. KU-Alk4
was not most closely related to any fungi, including Ganoderma philippii. The
phylogenetic relationship of Ganoderma sp. KU-Alk4 ITS4 and 18S rDNA to that of
other fungi is shown in Figure 61.

From morphological characteristics and molecular taxonomy of ITS4 and
18SrDNA, it was concluded that Ganoderma sp. KU-Alk4 would be a new fungal

Species.
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Figure 61 Phylogenetic relation of Ganoderma sp. KU-Alk4 and other fungi
constructed by neighbor-joining method from the MEGA 2 program.



