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2.2 Molecular method
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In attempt to classify the endophytic fungus isolate ARE-1, molecular

condition is suggested or promoting sporulatlon (Smi

method determining the nucleotide sequence of ITS1-5.8S-ITS2 region of rRNA gene
was applied. Nucleotide sequence of ITS region can be used to separate taxa from class to
species (Mitchell ef al., 1995).



Figure 1 Leaf of Annona reticulata L. (Annonaceae)
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Figure 2 Colony morphology of the endophytic fungus isolate ARE-1 on five different
mycological media (CzYA, MCzA, MEA, SDA and YES) after cultivation for 7 days at

30 °C. Appearance on the obverse side (A) and on the reverse side (B).
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2.2.1 The PCR product of ITS1- 5.8S-ITS2 region of ribosomal DNA

PCR conditions were optimized to amplify a rDNA gene of the isolate ARE-1.
The oligonucleotide primers ITS4 and ITSS were used to amplify a DNA fragment at 3’
end of 18S, ITS1-5.8S-ITS2 and 5’ end of 28S rDNA. The PCR product with expected

size was obtained, as shown in Figure 3.
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18S, ITS1-5.8S-ITS2 and 5’ end of 28S rDNA. Lanes 1 and 3 were APsfI marker, and
Lane 2 was the PCR product of ARE-1.
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2.2.2 Nucleotide sequences of partial 18S sequence, complete ITS1-5.8S-ITS2
sequences and partial 28S sequence of the isolate ARE-1

Sequencing of the PCR product resulted in a 583 bp fragment. It comprised 3’ end
of 18S sequence, complete ITS1-5.8S-ITS2 sequences and 5’ end of 28S sequence, as

shown in Figure 4.
1 TTGGA AGTAA AAGT \ , T CTCCG TTGGT GAACC 40

1858
41 AGCGG AGGGA r---—-r A@C AGGCG CACCC 80
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401 CTGGC TTGGF GEIGG GGCAC TGECT GTAAA AGGGC AGGCC 440
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481 TAG AAACC CTCGC TBIGG AAGGC £CTGG CGGTG WCTG 520
qng QQCUCQA LJ Ig %ﬂAA& il|: Hr ACCTC GGATC 560

561 AGGTA GGAAT ACCCG CTGAA CTT

Figure 4 Nucleotide sequences of the partial 18S sequence, complete ITS1-5.8S-ITS2
sequences and partial 28S sequence of the isolate ARE-1.
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Chaenothecopsis pusilla = ----- TCGAG TGAGGGTCCT CGTGG--CCC AACCTCCAA-
ARE1 ----CTGGAA CGCGCCCC-- AGGCGCACCC AG----- AAA
Fungal endophyte MUT 2715 ----CTGGAA CGCGCCCC-- AGGCGCACCC AG----- AAA
Diaporthe phaseolorum ----CTGGAA CGCGCCCC-- AGGCGCACCC AG----- AAA
D.meridionalis ----CTGGAA CGCGCCCC-- AGGCGCACCC AG----- AAA
D.caulivora ----CTGGAA CGCGCCCC-- AGGCGCACCC AG----- AAA
D.helianthi ----CTGGAA CGCGCCCC-- CGGCGCACCC AG----- AAA
D.vaccinii : ----CTGGAA -GCCCCCC-- AGAAGCACCC AG----- AAA
Phomopsis vaccinii ----CTGGAA CGCGCCCC-- AGGCGCACCC AG----- AAA
P.oryzae ----CTGGAA CGCGCCCC-- AGGCGCACCC AG----- AAA
P.amygdali ----CTGGAA CGCG---CCT CGGCGCACCC AG----- AAA
P.quercina --=-CTGGAA CGCGCCCC-- AGGCGCACCC AG----- AAA
P.juniperivora ----TTGGAA CGCGCCCC-- AGGGGCACCC A------ ARAA
P.longicolla ----CTGGAA CGCG---CTT CGGCGCACCC AG----- AAA
P.sojae CGCG---CTT CGGCGCACCC AG----- AAA
P.sclerotioides CGCG---CTT CGGCGCACCC AG----- AAA
P.columnaris CGGCGCACCC AG----- AAA
Cytospora eucalypticola " C-GCGCACCC AG----- AAA
Mycosphaerella latebroSaws.. —-—-—---——-— CGG----GCC CGACCTCCCA
M.berberidis CGG----GCT CGACCTCCAA
M.nubilosa CGGC--AGCC CGACCTCCTA
M.cryptica CGCC--CGCC CGACCTCCAA
Lophodermium conig: CGG----GCT CTGTTCTTCT
Pseudocercospora erio CE====== CC CGACCTCCAA
Guignardia endophy. Go=ccmmess Se=sa TCA-~
Phyllosticta pyrolae e TCACA
. | o — ol
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Chaenothecopsis pusills: TGT-CCT--- -TGTTGCTTC
ARE1 TATACCTT-A CTGTTGCCTC
Fungal endophyte MUT 271 TATACCTT-A CTGTTGCCTC
Diaporthe phaseolorum ----CT TATACCTT-A CTGTTGCCTC
D.meridionalis = ==CCCTTT=GTC AA--—---—- CT CATACCTT-A CTGTTGCCTC
D.caulivora = _Ze JCOCTTT-CGEG AR--—---- TATACCTT-A CTGTTGCCTC
D.helianthi TATACCTAT- -CTGTTGCCTC
D.vaccinii 4 TATACCTT-A TCGTTGCCTC
Phomopsis vaccinidJ TATACCTT-A CTGTTGCCTC
P.oryzae . TATACCTT-- TTGTTGCCTC
P.amygdali Eﬂ CEET GTC AA--- TATACCTT-A CTGTTGCCTC
P.quercina CCCTTT-GTG AA------ TATACCTT-A CTGTTGCCTC
P.juniperivora "A CCCTTT-§JG AA------ CT GATACCTT-A CTGTTGCCTC
P.longicolla ‘ ' TACCT--A CTGTTGCCTC
P.sojae ﬂ u EJ ’J Vl &%ﬁwqﬂ ?TACCTAT— TTGTTGCCTC
P.sclerotioid q’l C -GTG AA------ € ATACCT-TA CTGTTGCCTC
P.columnaris GECTTT-GTG R CT TAT T-TA CTGTTGCCTC
Cytospo icgl T T . = A TA CTGTTGCCTC
M.berbe% s TG ACA- = -TGTTGCTTC
M.nubilo CCCCAT-GTT TTCCC--ACC —-==-=-———-—- A C-GTTGCCTC
M.cryptica CCCCAT-GTT TTC-CA-ACC A---—————- -TGTTGCCTC
Lophodermium conigenum CCCTTT-GTT TAC-CACACT TA-------- —-— GTTGCCTT
Pseudocercospora eriodendri CCCTTT-GTG AACCAAT-CT ----—-——-—-- -TGTTGCTTC
Guignardia endophyllicola CCCTT--GTG TAC-T-CACT A--------- -TGTTGCTTT
Phyllosticta pyrolae CCCTT--GTG TACCT-TACC A--------- -TGTTGCTTT

Figure S Alignment data of complete ITS1-5.8S-ITS2 sequences of isolate ARE-1 and

25 reference taxa.



Chaenothecopsis pusilla
ARE1

Fungal endophyte MUT 2715
Diaporthe phaseolorum
D.meridionalis
D.caulivora
D.helianthi
D.vaccinii
Phomopsis vaccinii
.oryzae

.amygdali
.quercina

. juniperivora
.longicolla
.sojae
.sclerotioides
.columnaris

Cytospora eucalyptw '
Mycosphaerella lat S
M.berberidis :

M.nubilosa
M.cryptica
Lophodermium coni
Pseudocercospora eri
Guignardia endoph
Phyllosticta pyrolae

Myyytuto oo
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Cytospdra eucalypticola
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Guignardia endophyllicola
Phyllosticta pyrolae

Figure 5. (continued)
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Chaenothecopsis pusilla ACCTTCAAAC TCGTTTGTAA ATGTCGTCTG
ARE1 AAGTTAACTC TTGTTTTTAC ACTGAAACTC
Fungal endophyte MUT 2715 AAGTTAACTC TTGTTTTTAC ACTGAAACTC
Diaporthe phaseolorum AAGTTAACTC T-GTTTTTAC ACTGAAACTC
D.meridionalis AAGCCAACTC TTGTTTTTAC ACCGAAACTC
D.caulivora AAGCTAACTC TTGTTTTTAC ACTGAAACTC
D.helianthi GACCAAACTC TTGTTTCTAC AGTGGATCTC
D.vaccinii AACC-AACTC TTGTTTTTAC ACTGAAACTC
Phomopsis vaccinii AACCCAACTC TTGTTTTTAC ACTGAAACTC
P.oryzae AAATCAACTC T-GTTTTTAC ACTGAAACTC
P.amygdali AAGTTAACTC TTGTTTTTAT TGTGAAACTC
P.quercina TTGTTTTTAC ACTGAAACTC
P.juniperivora TTGTTTTTAC ACTGAAACTC
P.longicolla TTGTTTCTAC AGTGAATCTC
P.sojae AGTGAATCTC
P.sclerotioides - . AGTGGATCTC
P.columnaris —— AGTGGATCTC
Cytospora eucalypt.:y ‘ ACTGAAACTC
Mycosphaerella lat s ¥: TGCG----TC
M.berberidis AAR TGCG----TC
M.nubilosa T F TGCG----T-
M.cryptica T-T TGCG----TC
Lophodermium conigenuml J § A==t~ \TTGs--——--- -CCG----TC
Pseudocercospora eri TGCG----TC
Guignardia endoph = =GECA——---
Phyllosticta pyrolae BAG, C--~- -GCCA-—---~-
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Chaenothecopsis pusillal ' GAATCAAAAC TTTCAACAAC
ARE1 GAATCAAAAC TTTCAACAAC
Fungal endophyte MUT 2715 fT—:BQ% : j GAATCAAAAC TTTCAACAAC
Diaporthe phaseolorum =g CAARAAC TTTCAACAAC
D.meridionalis ifi AAC TTTCAACAAC
D.caulivora | wi—————ARACATAEAT TTTCAACAAC
D.helianthi TTTCAACAAC
D.vaccinii : TTTCAACAAC
Phomopsis vacciniiss AAACATAAAT GAATC C TTTCAACAAC
P.oryzae AAACACAAAT GAATCAAAAC TTTCAACAAC
P.amygdali : TTCAACAAC
S gy I R
P.juniperiv A TTCAACAAC
P.longlcolla CATAAAT GAATCAAAAC TTTCAACAAC
P.s ATAAAT#BAATCAAAAC T AACAAC
e TSR R A

P.col

Qytospo‘a eucalypticola AAACAAAAAT GAATCAAAAC TTTCAACAAC
Mycosphaerella latebrosa ----GTAAAT TAAACAAAAC TTTCAACAAC
M.berberidis ----GTAAAT TAAACAAAAC TTTCAACAAC
M.nubilosa 0 @ ——-——————- CAATTAAAAC TTTCAACAAC
M.cryptica TAACGAAAAT CAATCAAAAC TTTCAACAAC
Lophodermium conigenum = ----- TATAA TAGTTAAAAC TTTCAACAAC
Pseudocercospora eriodendri  ----- TAAAT CAAACAAAAC TTTCAACAAC
Guignardia endophylliccla ACTCATATAT CGATTAAAAC TTTCAACAAC
Phyllosticta pyrolae * ACTCATAAAT TAATTAAAAC TTTCAACAAC

Figure 5. (continued)
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Chaenothecopsis pusilla GTTCTGGCAT
ARE1 GTTCTGGCAT
Fungal endophyte MUT 2715 GTTCTGGCAT
Diaporthe phaseolorum GTTCTGGCAT
D.meridionalis GTTCTGGCAT
D.caulivora GTTCTGGCAT
D.helianthi GTTCTGGCAT
D.vaccinii GTTCTGGCAT
Phomopsis vaccinii GTTCTGGCAT
P.oryzae - GTTCTGGCAT
P.amygdali GTTCTGGCAT
P.quercina GTTCTGGCAT

P.juniperivora
P.longicolla
P.sojae
P.sclerotioides
P.columnaris

Cytospora eucalypticela™™" G
Mycosphaerella latew—'
M.berberidis

M.nubilosa
M.cryptica
Lophodermium coni
Pseudocercospora eri
Guignardia endophy.
Phyllosticta pyrolae
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P.oryzae AATGTGAATT GCAGAATTCA
P.amygdali [ 1 = AATGTGAATT GCAGAATTCA
P.quercina .
U8 Y DR B
P.longicollaql' TGT T AGAATTC
P.sojae # AATGTGAATT,.GCAGAATTCA
P.sc o 1 :
saninell g Te
Cytosp uc ticola ) G T GC C
Mycosphaerella latebrosa AATGTGAATT GCAGAATTCA
M.berberidis AATGTGAATT GCAGAATTCA
M.nubilosa AATGTGAATT GCAGAATTCA
M.cryptica AATGTGAATT GCAGAATTCA
Lophodermium conigenum AATGTGAATT GCAGAATTCA
Pseudocercospora eriodendri AATGTGAATT GCAGAATTCA
Guignardia endophyllicola AATGTGAATT GCAGAATTCA
Phyllosticta pyrolae AATGTGAATT GCAGAATTCA

Figure S. (continued)
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Chaenothecopsis pusilla ACGCACATTG
ARE1 ACGCACATTG
Fungal endophyte MUT 2715 ACGCACATTG
Diaporthe phaseolorum ACGCACATTG
D.meridionalis ACGCACATTG
D.caulivora ACGCACATTG
D.helianthi ACGCACATTG
D.vaccinii ACGCACATTG
Phomopsis vaccinii ACGCACATTG
P.oryzae ACGCACATTG
P.amygdali ACGCACATTG

P.quercina
P.juniperivora
P.longicolla
P.sojae
P.sclerotioides
P.columnaris
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CTCAAGCTCA
CTCAAGCCTG
CTCAAGCACT
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P.oryzae TTCGA TC ATT-TCAACC CTCAAGCATT
P.amygdali TCAAGCCTG
P.quercina u EJ ’J VI ﬂ%& Qﬁ ﬂ%ﬁgﬁTCMGCCTG
P.juniperiv AGCG CTCAAGCCTG
P.longlcolla TCGAGCGTC ATT-TCAACC CT GCCTG
P.s CTG
Bk S ONIE) S

P.col CcC ACT
Cytospo a eucalypticola TTCGAGCGTC ATT-TCAACC CTCAAGCCTG
Mycosphaerella latebrosa TTCGAGCGTC ATT-TCACCA CTCAAGCCTG
M.berberidis TTCGAGCGTC ATT-TCACCA CTCAAGCCTG
M.nubilosa TTCGAGCGTC ATT-TCACCA CTCCAGCCCC
M.cryptica TTCGAGCGTC ATTA-CACCC CTCCAGCCTC
Lophodermium conigenum TTCGAGCGTC ATTA-CAACC CTCAAGCTCT
Pseudocercospora eriodendri TTCGAGCGTC ATT-TCACCA CTCAAGCCTG
Guignardia endophyllicola TTCGAGCGTC ATT-TCAACC CTCAAGCTCT
Phyllosticta pyrolae TTCGAGCGTC ATT-TCAACC CTCAAGCTCT

Figure S. (continued)
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Chaenothecopsis pusilla GGGTCCGGGT
ARE1 GGGGCACTGC
Fungal endophyte MUT 2715 GGGGCACTGC
Diaporthe phaseolorum GGGGCACTGC
D.meridionalis GGGGCACTGC
D.caulivora GGGGCACTGC
D.helianthi GGGGCACTGC
D.vaccinii GGGGCACTGC
Phomopsis vaccinii GGGGCACTGC
P.oryzae GGGGCACTGC
P.amygdali GGGGCACTGC

P.quercina
P.juniperivora
P.longicolla
P.sojae
P.sclerotioides
P.columnaris - ~
Cytospora eucalyp t{ :
Mycosphaerella lat
M.berberidis

M.nubilosa
M.cryptica
Lophodermium conige
Pseudocercospora
Guignardia endophyll
Phyllosticté pyrol

GGEGC
GG GC’“-n”

Chaenothecopsis pusil
ARE1

Fungal endophyte MUT
Diaporthe phaseolor
D.meridionalis
D.caulivora
D.helianthi
D.vaccinii
Phomopsis vaccinii

>4
oy
9 2

-G

410

ﬁE?:===:===:=ZEE=ﬁﬁﬁEﬂ===E=‘f

CCCCCC-CGG
CT-GT--AAA
CTTTTC-CGG
CTCCTC-GCG
CT-GT--AAA
CT-GT--AAA
CT-GTG--AC
CTTTACAGAA
CTTTACCCAA
-TTTTCAC--
CTTGTGTAAA
-TTTTACCCA
-TTTTACCCA
TCTCTGA-CG
TTCT-AGCG
-~GT--AAA
-GT--AAA
GGTAA
GTTCC
TTCC
k"& --=CC
-CC
TTACC
- -CC
TG--CC

—-GCCCGGAC

G A-GCTCGCCA

A-GCTCGCCA

TEGCCA
seCca
gCCA
GCCG
GCCA

h-cdit

420

460

---GG-ACCG
AG-GGCAG-G
AA-GGCAG-G
GG-GGCAG-G
AG-GGCAG-G
AG-GGCAG-G
AG-GGCAG-G
AG-GGCAG-G
AG--GCAG-G
-GAAGCAG-G

‘CGAGGCAG-G

AG-AGCAG-G
AG-AGCAG-G
GGA-GCAG-G
AG-GGCAG-G
AG-GGCGG-G
AG-GGCGG-G
GAAGGCAG-G
----GC-GCG
----GC-GCG
----GC-GCG
----GC-GCG
CGGGGCT-CG
----GC-GCG
-GA--C-GTG
GGA--C-GCG

srilze s ol
CGTTCTCCAG
GGACCCCGAG
GGACCCCGAG
GGACTCCGAG
GGACCCCGAG
GGACCCCGAG
GGACCCCGAG
GGACCCCGAG

TCAGTGGC-G A-GCTCGCCA GGACCCCGAG

P.oryzae CTAGTBEC-G A-GCTCGCCA GGACCCCGAG
P.amygdali ﬁqﬂﬁ GGACTCCGAG
P.quercina 1;1 GGACCCCGAG
P.Junlperlv TCAGTGGC G A-GCTCGCCA GGACCCCGAG
P.longzcolla & CTAGTGGC- -G=A-GCTCGCTA GGACCCCGAG
P.si CGAG
e DN L s 2 o o
P.c AGTGGC-G A-GCTCGCCA GGACCCCGAG
Cytospora eucalyptlcola TCAGTGGC-G A-GCTCGCCA GGACCCCGAG
Mycosphaerella latebrosa CT-CCGGCTG A-GCT-GTCC GT-CTCCAAG
M.berberidis CT-CCGGCTG A-GCT-GTCC GT-CTCCAAG
M.nubilosa CT-CCGGCCG A-GC-CGACC GT-CTCTCAG
M.cryptica CT-CCGGCCG A-GC-CGACC GT-CTCTAAG
Lophodermium conigenum C-AGTGGCGG CCGC-CGTCC G-ACCTTCAG
Pseudocercospora eriodendri CTTCCGGCTG A-GCT-GTCC GT-CTCTAAG
Guignardia endophyllicola CCT-CGGC-G ACGG-CGTCC TAGCCTCGAG
Phyllosticta pyrolae CCT-CGGC-G ACGG-CGTCT TAGCCTCGAG

Figure 5. (continued)

430

470

39

o
440

GCCCGCAAGT
CCCTCAAA-T
CCCTGAAA-T
CCCTGAAA-T
CCCTGAAA-T
CCCTGAAA-T
CCCTGAAA-T
CCCTGAAA-T
CCCTGAAA-T
CCCTGAAA-T
CCCTGAAA-T
CCCTGAAA-T
CCCTGAAA-T
CCCTGAAA-T
CCCTGAAA-T
CCCTGAAA-T
CCCTGAAA-T
CCCTGAAA-T
-CCTCARAGT
-CCTCAAAGT
-CCTCAATGT
-CCTCAATGT
-CTTCAAAAT
-CCTTAAAGT
-CCTTGAAGA
-CCTCGAAGA

sl s ol
480
CGTAGTACAG
CGTAGTAG-T
CGCAGTAG-T
CGCAGTAG-T
CGCAGTAG-T
CGCAGTAG-T
CGTAGTAG-T
CGCAGTAG-T
CGCAGTAG-T
CGCAGTAG-T
CGCAGTAG-T
CGCAGTAG-T
CGCAGTAG-T
CGTAGTAG-T
CGTAGTAG-T
CGTAGTAAAT
CGTAGTAA-T
CGCAGTAG-T
CGTCGT-G-A
CGTTGT-G-A
CGTTGTGGCA
CGTTGTGGCA
CGCAGTAA-T
CGTTGTGGAA
CGTAGTAG-T
CGTAGTAG-T



voswlbiwe o
490
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AR
520
CCCGGTGTGC
-CTGGCGG-T
-CTGGCGG-T
--TGGCGG-T
-CTGGCGG-T
-CTGGCGG-T
-CTGGCGG-C
-CTGGCGC-G
-CTGGCGG-T
-CTGGCGG-T
-CTGGCGG-T
-CTGGCGG-T
-CTGGCGG-T
-CTGGCGG-T
-CTGGCGG-T
-CCGGCGG-T
-CTGGCGG-T
-CTGGTGCGG
-GCGGCCG-C
-GCGGCCG-C
TCTGGCG--C
TCTGGCGT-C
-CAAGCGC-C
-GTGGCCG-C
-CTGGGCGAC
-CTAGCCGTT

Chaenothecopsis pusilla ACTTCATTGA TCTCCCGCTG ATGGGAACGG
ARE1 TAAACCC--- TCGCTTT--- GGAAGGCC--
Fungal endophyte MUT 2715 TAAACCC--- TCGCTTT--- GGAAGGCC--
Diaporthe phaseolorum TAAACCC--- TCGTTCT--- GGAAGGCC--
D.meridionalis TAAACCC--- TCGCTC---- GGGAGGCC--
D.caulivora TAAACCC--- TCGCTTT--- GGAAGGCC--
D.helianthi AACTTC---- TCGCTCC--- GGAAGGCC--
D.vaccinii TAAACCC--- TCGCTTT--- GGAAGGCC--
Phomopsis vaccinii TAAACCC--- TCGCTTT--- GGAAGGCC--
P.oryzae TAAACCC--- TCGCTCT--- GGAAGGCC--
P.amygdali TAAACCC--- TCGCTTT--- GGAAGGA---
P.quercina TCGCTCT--- GGAAGGCC--
P.juniperivora TCGCTCT--- GGAAGGCC--
P.longicolla TCGTTCT--- GGAAGGCC--
P.sojae GTTCT--- GGAAGGCC--.
P.sclerotioides TTCT--- GGAAGGCC--
P.columnaris CT--- GGAAGGCC--
Cytospora eucalyptifo.}(' GCTCT--- GGACTGTA--
Mycosphaerella lat C--- GGG-GGC-GG
M.berberidis GCTTC--- GAAGTGC-GG
M.nubilosa ; AC-- GGGGA-CCGG
M.cryptica CLTCC-- GG-GA-CCGG
Lophodermium coni GGAAGGGTGG
Pseudocercospora eri GGAGTGC-GG
Guignardia endophy: - GGAGTG----
Phylloéticta pyrolae 4 [TT--- GGAGTG----
- ENR [ TEPEs
540 550
Chaenothecopsis pusill -CCCCCA AATCTTCGTG
ARE1 . TAAACCCCCA ACTCTTTGAA
Fungal endophyte MUT 27153_ TAAACCCCCA ACTCTT-GAA
Diaporthe phaseolorum ACTCCT-GAA
D.meridionalis ECCA ACTTCT-GAA
D.caulivora T I GCCEPECEE .tl'p" A ACTTCT-GAA
D.helianthi L CEECA ACTCCT-GAA
D.vaccinii m AR ﬁCCA ACTTCT-GAA
Phomopsis vaccinii G TGCCGT TAAA CCA ACTTCT-GAA
P.oryzae GCCCTGCCGT TAAACCCCCA ACTCTT-GAA
P.amygdali | T ACTCTT-GAA
e gty e e AR
P.juniperivo T C ACTTCT-GAA
P.longlcolla GCCCTGCCGT TAAACCCCCA ACTTCT-GAA
P.sojae €GCACTGCCGT #BAAACCCCCA ACRFCT-GAA
e oo TOINT Picck Bofdctden|otrea crm
P.col
Cytospo‘a eucalypt1cola GCCCTGCCGT TAAACCCCCA ACTTCT-GAA
Mycosphaerella latebrosa G----GCCGT TAAA------ =TCTTTCACC
M.berberidis G----CCCGT TAAA------ -TATTTCACA
M.nubilosa G---CGCCGT TAAAC----- -CCTTTCACC
M.cryptica G---CGCCGT CAA-CCCCC- -TCTCTCAC-
Lophodermium conigenum GTCATAC--- -- AACCCCCA ------ CA-C
Pseudocercospora eriodendri G----GCCGT TAAA------ -TCTTTATTC
Guignardia endophyllicola G----GCCGC CGGACAATCG ACCTTCGGTC
Phyllosticta pyrolae G----GCCGC CGGACAATCG ACCTTTGGTC

Figure 5. (continued)
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2.2.3 Phylogenetic analysis

Searching for similar sequences to 5.8S rDNA region of isolate ARE-1 in
GenBank resulted in 5 taxa with 100 % identity. They were sterile fungal endophytes
isolated from Mediterranean plant roots, Pinus halepensis and Rosmarinus officinalis.
The ITS1-5.8S-ITS2 sequences of these isolates were similar with 98-100 % identity.
Therefore, one isolate, fungal endoph

2715, was selected as reference taxon. A
&lspecies with lower percentage identity
_were also selected. In order to get

complete reference taxa, the R equences of isolate ARE-1 was used as the

¢ m Phomopsis quercina and Cytospora
A NSNS
DN

feren

The alignm \Q\\\ -ITS2 sequences of isolate
ARE-1 and 25 referen \ \ phylogenetic analysis of all taxa

with C. pusilla as an outggoupita . ield:cancensus ma 1um parsimoneous tree of 710
tree length, with consisten - Homopl \ dex (HI), retention index (RI) and
rescaled consistency index (RE€) of =06 ] 87,0.6634 and 0.4055, respectively, as

shown in Figure 6. In this tree, iS ormed a monophyletic clade with all

'

reference taxa of the fami ap support. Based on branch

length, as shown in f}J__ ution « i:’ vas found to be most closely
related to Diaporthe ca:Erora. _m

AULINENTNEINT
RINNIUANINYAY
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99)

Chaenothecopsis pusilla

(64)

Lophodermium conigenum

(16)

Diaporthe helianthi

ARE1

Fungal endophyte MUT 2715

D.phaseolorum

D.meridionalis

D.caulivora
Phomopsis oryzae

(43) - P.amygdali

Cytospora eucalypticola
D.vaccinii

Phomopsis vaccinii
P.quercina
.juniperivora
.longicolla

.sojae

.sclerotioides

v h ] v

.columnaris

Pseudocercospora eriodendrij

:‘1".] 7)

30 14
"ﬂ ) . (a4) M.nubilosa

Mycosphaerella latebrosa

M.berberidis

G - 99
[ i" ik Tk z- a '
I L) ¢ [ ] - ) .cryptica
(
(40) 100 Gui%ardia endophyllicola

ARIRIN TN INE Ry e

Figure 6 Maximum-parsimony tree generated from the ITS1-5.8S-ITS2 sequences of 26

1

taxa showing the relationships of ARE1 sequence with reference taxa. The numbers at
internal node indicate the percentages of trees from 1,000 bootstrap replications. The
numbers in bracket at branches indicate the branch length. Chaenothecopsis pusilla was

used as an outgroup.
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3. Structure elucidation of the isolated compounds.

Five metabolites were isolated from YES culture of the isolate ARE-1. The ethyl
acetate extract (AREB 0.9 g) of YES fermentation broth (12L) of the isolate ARE-1 gave
four known secondary metabolites, succinic acid monoethyl ester (AREB 3575 HP22, 8.7
etic acid (AREB 485 HP4, 5.1 mg, 0.56 %

/1 1 acetate (AREB 485HP5, 2.2 mg,
4-hyd ogmxl alcohol or tyrosol (AREB 485

tel extraet): a primary metabolite, ergosterol

‘mg, 0.96 % of ethyl acetate extract

of ethyl acetate extract), 2-(4'

0.24 % of ethyl acetate ex |
HP2+3/4,2.1 mg, 0.23 %
(ARHM(H) 76, 31.9
(ARHM(H) 1.4 g) of A
in most fungi (Weete, 19

obtained from hexane extract

\ component of cell membrane

3.1 Structure el Ci \-\ thyl ester (AREB3575 HP22)
Compound }°3575 -HP as obtained as yellow oil. The IR
absorption spectrum (Figure 7 i o f-ﬂ"«" ). Xhibited characteristic bands at 3420 cm”
! (O-H stretching), 2026.¢ ida), 1732 cm™ and 1653 cm’!
(C=0 stretching) and V‘ 2 ectrum in MeOH (Figure 8
showedmmax (e) at 203 (3957) nm. The
ESI-TOF MS of compoun@d %gure 9 in Appéndix I(Bé)l ;sqpla ed the pseudomolecular ion

peak [M+Na] %cﬂamfﬁ cw 169 0477).

500 MHz 'H- -NMR spectrum of f compound AREB 3575 HP22 in

cocs QA GRS ARHH F 11 e

methylené proton signals at & 2.65 and 2.70 ppm; and an oxygen-bearing methylene

in Appendix B) of co

proton signal at 4 4.15 ppm.

The 125 MHz "“C-NMR spectrum (Figure 11 in Appendix B) gave six
carbon signals. The carbon signals were classified by DEPT 135 spectrum (Figure 12 in
Appendix B) and HMQC spectrum (Figure 13 in Appendix B) as one methyl carbon
signal at & 14.1 ppm; two methylene carbon signals at  28.8 and 29.0 ppm; one oxygen-



44

bearing methylene carbon signal at 8 60.8 ppm and two carbonyl quaternary carbon
signals at & 172.1 and 176.9 ppm.

The 'H-'H COSY spectra of compound AREB 3575 HP22 (Figure 14 in
Appendix B) established the proton connection from H-5 to H-6.

Y spectrum of AREB 3575

/ . g i €0
HP22 @ \\
The complete 13 3i ¢ - ARFB 3575 P22 were obtained from the
HMBC spectra ("Juc = 8 2 [23-( - o\i' d17 in Appendix B) showing the

following long-range correla on 6 o oxygen-bearing methylene C-5 (3

60.8); H-5 (5 4.15) to C-6 (5_14:dy-and crbe hon C-4 (5 172.1); and H-3 (5 2.70)

The 'H-"C lonfrang
HP22 in CDCl; are shows

spectrum of AREB 3575

NINEINT
Jfmi

Figure 18 Long-range correlations from HMBC ("Juc = 8 Hz and 4 Hz) spectral data
of AREB 3575 HP22 in CDCl;.

in Figure 18 in Appendix B and's
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Table 6 The 'H, “C-NMR and HMBC spectral data of AREB 3575 HP22 in CDCl,.

. SH (ppm), mult, Long-range correlation in HMBC
Position Jin Ho) 8C (ppm) o= 8Hz | e =4 Hz
1 - 176.9 - -
2 2.65,t,(12) 29.0 C-1,C-3,C-4 C-3
3 2.70, 1, (12) 8 C-1,C-2,C-4 C-2
4 - _ - -
5 4.15, 4, ( 60, >-4,C-6 C-4,C-6
6 1.28, v 14.1 5 C-5
B
3.2 Structure el i hen acel B 485 HP4)
AL .
Compound / SLHP4. yellow oil. The IR absorption
spectrum (Figure 19 in Ap 3’% : \atacteristic bands at 3420 cm™ (O-H
stretching), 2915 cm™ (C-H ching)17 . stretching), 1517 cm™ and 700
em” (C=C stretching) and 1236/¢s (G- ching carboxylic group). The UV
spectrum in MeOH (Figure 20 inZAppendi ound AREB 485 HP4 exhibited A
max (€) at 205 (8850) ‘ ’ (Figure 21 in Appendix

B) demonstrated the p
CgHgO,Na at m/z 159.0 ). - .m

ilgl) -NMR spec of AREB 485 HP4 in CDCl3 (Flgure 22
o st o LA BBV TN {1 o o e i
proton 51gnals at 7.29-7.39 ppm. THe 125 MHz 1é‘I-NMR spectrym in CDCl; (Figure

23 in Afperik B)GHoNed Fiabilebonlsigad whidk ek Jdefed by DEPT 135

(Figure 245 in Appendix B) and HMQC spectrum (Figure 25 in Appendix B) as one

z 159.0429 (calculated for

methylene carbon signal at 3 40.9 ppm (C-2); one methine carbon signal at 8 127.3 ppm
(C-6); two equivalent methine carbon signals at 8 129.3 ppm (C-4 and C-8); two
equivalent methine carbon signals at § 128.6 ppm (C-5 and C-7); one quaternary carbon

signal at § 133.3 ppm (C-3) and one quaternary carbonyl carbon signal at 8 176.6 ppm
(C-1).
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The HMBC spectrum (“Juc = 8 Hz) of AREB 485 HP4 (Figure 26 in
Appendix B) exhibited long-rang correlations of H-2 (3 3.68) to C-3 (8 133.3), C-1 (8
176.6), C-4 (129.3) and C-8 (5 129.3).

The 'H-"*C long-range correlations from HMBC spectrum of AREB 485 HP4

are shown in Figure 27 in Appendix B and summarized in Table 7.

Figure 27 Important !

485 HP4 in CDCls.
The downfield of 3.68 ppm) was due to a connection to
the aromatic moiety. The [ e 811 pendix B) of AREB 485

HP4 confirmed the cotrgl: 1§ (H-4 and H-8) to methylene
proton (H-2).
Companso spectral data QfJ.compound AREB 485 HP4 to reported

values in the Alﬂh‘uwﬂy’gfﬂ Eﬁq W’]ﬂ‘gd that AREB 485 HP4

is a known compdiihd, phenylacetic ac ‘;l (Table 8). ThlS compound was also a metabolite

T RITNITIEH HITNYIA
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Table 7 The 'H, *C-NMR and HMBC spectral data of AREB 485 HP4 in CDCl;.

AREB 485 HP4
position SH (ppm), Long-range correlation in HMBC
mult, (J in Hz) PE oy ("J uc = 8 Hz)
1 . 176.6 -
2 3.68, s . C-1,C-3,(C-4,C-8)
3 - -
4 7.29- ¥ 129 & C-2,C-3,C-5,C-6,C-8
5 7.20- 123 . C-3,C4,.C-6C7
6 7. C-4,0-5,C7,C-8
7 7.2947. i - C-3,C-5,C-6,C-8
8 7.2947. -: OBV NN, C-2,C3,C4,C-6,C-7
NG 7\
Table 8 'H-NMR (5 LCDET. P, 125 MHz in CDCl;) spectral
data of AREB 485 HP4 MRS00 Mk i ;) and 3C-NMR (60 MHz in
CDCls) spectral data of phenyl@ceficacid (Pe Behnke 1993).
5
lacetic acid
sosition st and Behnke 1993)
6H EJ m“)‘; Zh, > (ppm)‘.-, H g;:n v ult, 5C (ppm)
L Pl H iﬂe‘j 17 i 178.1
2§ 368 ‘40.9 3.60, s 410
~\ ) , ‘ Fa ﬁ g Fa a‘r gl|33.1
% 29-739, . 792557557m 197 =293
5 7.29-7.39, m 128.6 7.25-7.35,m 1285
6 7.29-7.39, m 127.3 7.25-7.35,m 1272
7 7.29-7.39, m 128.6 7.25-7.35,m 1285
8 7.29-7.39, m 129.3 7.25-7.35,m 129.3
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3.3 Structure elucidation of 2(4'-hydroxy-phenyl) ethyl acetate (AREB485 HPS)

Compound AREB 485 HP5 was obtained as yellow oil. The IR absorption
spectrum (Figure 29 in Appendix B) showed characteristic bands at 3420 cm’ (O-H
stretching), 2924 cm™, 1238 cm’ (C-H stretching), 1558 cm™ (C=C stretching) and 1717
em™ (C=0 stretching). The UV spectrum in MeOH (Figure 30 in Appendix B) of

of AREB 485 HP5 (Figure 31 in

@ [M+Na]* at m/z 203.0684

g the molecular formula of this

(calculated for C;oH ;205N
compound as C;oH;,0s.
The 500 M

~_ AREB 485 HPS in CDCl; (Figure 32
in Appendix B) showed o l, .. ON'§

205 ppm; two methylene proton
signals at 8 2.9 and § 4.25 gp s 0 Gﬁb ivalent me roton signals at 8 6.8 ppm (H-

S St
FiT
-

3’ and H-5") and two eqUivaleng wethine pr Sig) ". 6 7.1 ppm (H-2' and H-6").
The 125 MHz “C-NMR (Fig 33.M pperdix B)lan HMQC spectral data (Figures
"‘ e classified by the DEPT 135 (Figure

35-37 in Appendix B) revealed tefs *{{

J- i

34 in Appendix B) as one methy .a-,ﬁ:L!ﬂt\"' , $:20.9 pp n; two methylene carbon

signals at & 65.1 pprend 534 _m.“-

fHons at § 115.3 ppm; two
equivalent carbons at 6 +30.0 ar m:bons at § 129.9, 154.2 and

171.1 ppm.

N mmﬁmﬁ e e
ARANN3 summmaal

2 2

Figure 39 The correlations (bold line) in the 'H-'H COSY spectra of AREB 485 HP5
in CDCl.
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The HMBC spectrum ("Jyc = 8 Hz) of AREB 485 HP5 (Figures 40-42 in
Appendix B) exhibited long-range correlations of H-1 (& 4.25) to C-2 (6 34.1), C-1" (8
129.9) and carbonyl carbon (8 171.1); H-2 (5 2.9) to C-1 (8 65.1), C-2’ or C-6" (5 130.0)
and C-1" (8 129.9); methyl proton (8 2.05) to carbonyl carbon (8 171.1); H-2' or H-6' (&
7.1) to C-2 (8 34.1), C-1" (3 129.9) and C-4' (8 154.2); and H-3' or H-5' (& 6.8) to C-1' (8
129.9), C-2" (6 130.0) and C-4’ (5 154.2).

Table 9 The 'H, *C-NMR

; -// \\\ B 485 HPS in CDCls.

position | sy (PD ong-range correlation in HMBC
i ' ("J uc = 8 Hz)
1 C-1',C-2,C=0
2 C-1,C-1", C-2’, C-6'
1’ -
21 C- C-l' C-4', C-¢'
3 ,cz C-4,C-5'
4 | 7 ] -
5 . 8 ; C-1",C-3', C-4', C-6'
___€a | W
AN NS
C=0 g - 171.1 -
& _QJ
: |
| =
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485 HPS in CDCls.

Based upon these

compound, 2(4’-hydroxyp

3.4 Structure elu xypheneth lchol (AREB 485 HP2+3/4)
g

Compound AREE 485‘5 34, A ained as white yellow oil. The IR
absorption spectrum (Figure 44 n/Ajppeandix. We \characteristic bands at 3387 cm™
(O-H stretching), 2926 cm™ (C-H. strgleh " (C=C stretching), 1242 cm™ (C-
C stretching), 1050 ¢l tching) and 817 M. C-H bending). The UV
spectrum in MeOH (Eigure 45 in Appendis \Boind AREB 485 HP2+3/4
7545) nm, 222 (6643) nm and ﬂ9 (1702) nm. The ESI-TOF
MS of compound AREBf 485 HP2+3/4 (Bigure 46 in Appendix B) showed the

pseudomoleculaﬂ uaEJ [r’vﬂn%l Eﬂ % ﬁl%ﬂ:’}ﬂ ﬁfor CsH10O:Na at m/z

161.0578) conswt&!t with the molecula& formula CsH 003.

G W‘Wﬁ B} i oo

(9:1) (Figue 47 in Appendix B) exhibited two methylene proton signals at 8 3.7 ppm and

presented A max (€) at 2

8 2.7 ppm; two equivalent methine proton signals at & 7.05 ppm (H-2" and H-6") and two
equivalent methine proton signals at 8 6.72 ppm (H-3" and H-5"). The BC-NMR (Figure
48 in Appendix B), DEPT 135 (Figure 49 in Appendix B) and HMQC spectral data
(Figures 50 and 51 in Appendix B) showed eight carbons in AREB 485 HP2+3/4 two

methylene carbon signals at & 39.1 ppm and 8 63.8 ppm, two equivalent methine carbon
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signals at & 115.4 ppm (C-3’ and C-5'), two equivalent methine carbon signals at 6 130.3
ppm (C-2' and C-6'), and two quaternary carbon signals at 5 130.6 ppm (C-1’) and &
156.1 ppm (C-4").

The 'H-'H COSY spectrum of AREB 485 HP2+3/4 (Figure 52 in Appendix
B) presented the proton connections between H-1 and H-2, and between H-2' (or H-6")
and H-3' (or H-5").

Figure 53 The correlations (46 d 1Y fron AH COSY spectrum of AREB 485
HP2+3/4 in acetone d-6 and CD :

The HVBE spectrum-Cfie=8-HZOEARPT 485 HP2+3/4 (Figure 54

and 55 in Appendix B) @ Aflon gt H-1 (5 3.7) to C-2 (5 39.1),

C-I' 3 130.6); H2 (82.]) to C-1 (8 63.8), C:1' (8 130.6), C-2' (8 130.3) and C-6' (3
a ]

130.3); H-2' or ﬂsﬁ ﬂsf&; ﬂz ﬂﬁ:ﬂ(ﬂﬁrm (5 156.1), and C-1' (8

130.6); and H-3' & H-5' (5 6.72) to c-‘g' (8 130.3), C-4' (5 156.1), and C-1' (5 130.6).

A QDAY HIIANELDIA e

485 HP2+3/4 are shown in Figure 56 in Appendix B and summarized in Table 10.
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Table 10 The 'H, >C-NMR and HMBC spectral data of AREB 485 HP2+3/4 in acetone
d-6 and CDCl; (9:1)

AREB 485 HP2+3/4
position [ §H (ppm), mult, Long-range correlation in HMBC
: 8C (ppm)
(Jin Hz) ("J uc = 8 Hz)
1 3.70,t,(7) C-2,C-1
2 2.70, ¢t , (M C-1,C-1",C-2", C-6'

1 - -— % - -

b 7.05,4 %R\_‘\* LO-1 B3 O 4, C6
T 6.7 ;7///‘%\\ -1/, C-2, C-4', C-5'
¥ 7P \%\\ '

5 6.72 I‘fﬁr p\\\\\\ -1', C-3', C-4, C-6'
6 7.05, 4 llﬁ:"\\\\ C-1, C2!, C4', C-5'

Figure 56 Important H-'% g T ions . he HMBC spectrum of AREB
f{.-ﬁ
485 HP2+3/4 in acetone d-6 and CBEE (91,

ﬂua .5. 5 ﬂi

Comparison the spectral data of compound AREB 485 HP2+3/4 to
previously reported values in the Aldrich Library of '>C and '"H NMR spectra, compound
AREB 485 HP2+3/4 was identified as 4-hydroxyphenethyl alcohol or Tyrosol (Table 11).
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4-Hydroxyphenethyl alcohol has been reported as fungitoxic phenolic
compound produced by the endophytic fungus Epichloe typhina of Phleum pratense
(Timothy plant) (Koshino ez al., 1988).

Table 11 'H-NMR (500 MHz) and *C-NMR (125 MHz) spectral data of AREB 485
HP2+3/4 and '"H-NMR (300 MHz) and "*C-NMR (60 MHz) spectral data (in CDCl; and
DMSO-d) of 4-hydroxyphenethyl alc V chert and Behnke 1993).

4 ydroxyphenethyl alcohol
it ouchert and Behnke 1993)
position :
SH(p mult, 5C )
m
i . ) PP
! 3.70, ad 62.8
) 240, 1 2 383
&
= L 1204
2’ 705, : 0 129'3
3' 6.72, d ‘!'m. 6.70 1 14.9
* -7 - 155.3
e
5 114.9
& 1293

BV ih () (Lo

Compound ARHM(H)76 was obtaiped as yellow white wax. The IR
absorptiasw% ﬁrﬂ@mﬂlw)’%@l%& naaa'l&} bands at 3424
cm’! (O-H $tretching), 2954 cm™, 1458 cm™ (C-H stretching), 1658 cm™ (C=C stretching),
1368 cm™ (C-C stretching) and 1037 cm™ (C-OH stretching). The UV spectrum in
MeOH (Figure 58 in Appendix B) of ARHM(H)76 showed A ma (€) at 204 (19115) nm,
260 (11257) nm, 271 (15655) nm, 281 (16231) nm and 292 (10031) nm. Due to

degradation was occurred, the peaks at 260, 271, 281 and 292 nm were examined. In the

present investigation, ARHM(H)76 was identified as ergosterol by comparison of its 'H
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and *C-NMR spectral data with reported values (Adler et al., 1977 and Chobot et al.,
1997).

In the 'H-NMR spectrum (Figure 59 in Appendix B), the signals at § 5.38 ppm
(1H, dd, J=2.8, 5.7 Hz) and & 5.57 ppm (1H, dd, J= 2.8, 5.7 Hz) were assigned to H-6
and H-7 of ergosterol. The signals at § 5.15 - & 5.31 ppm (2H, m) were assigned to H-22
and H-23 of ergosterol. The signals at 8 0.96 and § 1.00 ppm (2 x Me, s) were assigned

to Me-18 and Me-19. The signals at 84,5 0.82 and 6 0.92 ppm (4 x Me, d, J =
6.6 Hz) were assigned to Me

Th 13C-}( o 50 .,_\ ppendix B) of ARHM(H) 76
displayed twenty eight ; \‘f‘ ¢ \ ¢ data with reported >*C-NMR

values of ergosterol (C
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Flgure 61 Chemical structure of compound ARHM(H)76.

Ergosterol was previously obtained from the endophytic fungus Colletotrichum
sp. of Artemisia annua (Compositae) (Lu et al., 2000).



55

Table 12 BC-NMR spectral data (CDCl3) of ARHM(H)76 and ergosterol in CDCls
(Chobot et al., 1997).
. Chemical shift (ppm)
position
ARHM(H)76 Ergosterol

1 383 38.4
2 31.9 32.0
3 7 1 - 70.4
: S/ w3
5 —_— % 141.4
6 ﬂk 119.6
I
T AN, ™
’ Illﬁ" AR
10 I I 37.0
11 21.1
12 39.1
13 42.8
12 54.5
15 23.0
16 28.3
17 55.7
18 12.1

16.3
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4. Biological activities

Ergosterol (ARHM(H)76) and succinic acid monoethyl ester (AREB 3575 HP22)
were tested for biological activities, while other isolated compounds were not
biologically evaluated due to limited amount of substances. Only ergosterol showed

antituberculosis activity against Mycobacterium tuberculosis at MIC of 12.5 pg/ml.

Recently, ergosterol has been evaluated ag B Mycobacterium tuberculosis H37Rv for
. : tituberculos ugutt 2002). Both ergosterol and
succinic acid monoethyl esté gie inagti e malarial parasite Plasmodium

‘ reported as volatile oil from

custard apple (Annona Bariley, 119 1is \implies that both the fungal
- _r,[a y )

¢ metabolite as in taxol producing

The other three es of 2 , u‘: phenethyl alcohol (tyrosol), 2
\\- enylacetic acid, were reported to

have antifungal activity. Tyr sol"I vd could be isolated from various plants
such as Olea europaea L. (B riahte: é_f_‘ & _ oton lechleri L. (Chen et al., 1994)
and Rhodiola rosea Ly {Rohloff, 2002). Additionallv literatire data indicated that tyrosol
also isolated from ’_f‘?t ":1;: er et al., 1999), Ophiostoma
, Gloeophyll ) sp. (Rasser et al., 2000),
QOospora astrin, leafiﬂoto and Nlﬂas 62) and the endo hytlc fungus Epichloe

typhina (Kosh1 ﬁb@ w&m Eﬁ]tatad hytic fungi should be a

good source for ﬁuolatlon of active compounds without destruction gfjthe forests (Strobel

QW RSN I AN INDIA D

crassivaginata (Ayer “I Trifonov, 199
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