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Abstract

The present study was aimed to investigate the biodiversity of blast fungi in rice and
other monocots. Thirty three samples with blast symptoms were collected from economic
plants and weeds (commelina, rice, grass weeds, Maranthacae, pangola grass, sedges and
Zingiberaceae) growing in northern (Chiang Rai, Chiang Mai, Payao, Lampang, Lumphun
and Nakhon Sawan provinces) and easthern (Nakhonnayok province) Thailand and
diagnosis of the causal agents were carried according to Koch'’s potulates. Blast fungi of
various hosts collected in the present study were identified as Pyricularia which diverse in
morphological characteristic of conidia (P. caricis: sedges, P. costina, P. zingiberis and
Pyricularia sp.: Zingiberaceae, P. sphaerulata: commenlina, Pyricularia sp.: Maranthaceae).
Pyricularia grisea and P. oryzae (rice, pangola and other grasses) were very similar in
conidial characteristeritics and multilocus phylogenetic analysis based on rDNA-ITS, actin, ﬁ-
tubulin and calmodulin genes performing with Dactylaria sp. BS296 as outgroup, parsimony
(MP, heuristic search options: tree-bisection-reconnection-branch swapping, random
stepwise sequences addition) and distance (NJ, neighbor-joining: Kimura two-parameter
distance measurement) criteria, disclosed a monophyletic group (bootstrap support 100%).
The combined analysis of the four gene regions also showed that blast fungi isolated from
rice (BS305, BS314), grass weeds in rice field (BS310, BS311) and pangola growing close to
rice field (BS290) are P. oryzae, while fungal strains isolated from grass weeds in plant
nursery (BS316) and road-side (BS279, BS281) are P. grisea and Pyricularia sp. (CE),
respectively. The group consisting of other Pyricularia species (e.g., found in sedges and
Zingiberaceae) were related distantly to the monophyletic group of P. grisea and P. oryzae.
The phylogenetic trees constructed from the four genes again correlated the groups of each
morphologically identified Pyricularia species with 100% bootstrap support in MP and NJ

analyses.



The present study was also aimed to screen for antifungal activity of endophytic
fungi isolated from some monocots (Alpinia galanga, Al. malaccensis, Alpinia sp., Amomum
siamense, Bambusa sp., Boesenbergia pandurata, Boesenbergia sp., Costus
curvibracteatus, Curcuma ecomata, Cu. mangga, Cu. parviflora, Etlingera litteralis,
Hedychium coronarium, Zingiber cassumunar and Z. zerumbet) and to evaluate active
compounds isolated from the selected potent strains. Fifty one endophytic fungi were grown
in five fermentation media (glucose soybean meal broth: F1, malt extract corn starch broth:
F2, glucose soybean oil peptone: F3, potato dextrose galangal powder broth: F4 and potato
dextrose broth: F5) and incubated on a reciprocal shaker at room temperature for 7 days.
The crude extracts from fermentation broths were tested for antifungal activity against 8
strains of blast fungi, Pyricularia costina BS193, P. oryzae BS265, P. oryzae BS267, P.
oryzae BS285, P. sphaerulata BS151, Pyricularia sp. BS191, Pyricularia sp. BS279 and
Pyricularia sp. BS286, by the agar well diffusion method (10% DMSO and 20 mg/ml
benomyl were used as negative and positive control, respectively). Up to 82% and 35% of
crude extracts obtained from endophytic fungi displayed more than 15% and 30% inhibition
at least one strains of Pyricularia. Culture of each endophytic fungal strain in different
fermantation media increased production of active copounds against tested Pyricularia, e.g.,
Pestalotiopsis maculiformans PDB151 cultured in F2 (17-65%) and F4 (26—-39%) produced
active compounds to inhibit growth of blast fungi better than cultured in other media (13—
39%). The results revealed that crude extracts of endophytic fungi P. maculiformans
PDB151 from F2 and F4 were most inhibited blast fungi and showed interesting 'H NMR
spectra. Therefore, bioactive compounds produced by this strain in both media were then
extracted, purified and identified using chromatography and spectroscopy. The crude
extracts of P. maculiformans PDB151 upon chromatographic separation, afforded six
compounds, 1 phenol derivative (tyrosol) and 5 lactone derivatives pestalotin, dehydro-
pestalotin, hydroxypestalotin, oxysporone and unknown structure of lactone derivative).
Pestalotin was the major compound (22-39% yield) which displayed antifungal activity
against P. oryzae, with a weak cytotoxicity against zooplankton Moina macrocopa. This
compound also tended to inhibit cell division process of humann lung cancer cell line, NCI-
H1299, as the evidences of cells treated with this compound (3.01%) had lower mitotic
index than cells in control (7.66%) and abnormal (bean-shape) nuclei in treated cells. These
results indicated that endophytic fungi from monocotyledonous plants are a potential source

of bioactive compounds that may useful in pharmaceuticals and agriculture.

Keywords : Endophytes, bioactive compounds, Pyricularia, rice blast
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Qamsﬂﬁ mnﬁf’mﬁé’aaﬂﬁaﬁmﬁwluﬂéaaﬁ%aqawmaaﬂﬁﬁéﬂﬁquﬁﬁLﬁaLﬁ'wmm%u fan
Lﬁ]’%mﬁdﬁwmmmL%au%qw%ﬁm single spore methods 1333 Vad Choi et al. (1999) Re9
ﬁvl,(;lum%"ﬁ potato dextrose agar (PDA) %38 malt exract agar (MEA) ﬂauaﬂ"ﬁﬁmmz
‘n@1aaummmmmhmiﬁakﬂmadﬁmmsﬂiﬂvlmjl,wiawﬁ@mu Koch's potulates unlufi

Un@uasNTanduuaazsia (Figure 2)

Figure 1. Blast disease symptoms on various hosts. a, b. Amomum siamense, c.
Boesenbergia pandurata, d. Etlingera littoralis, e. Maranthaceae, f. Commenlina sp., g.

Stenotaphrum sp., h. Brachiaria muticus, i, j. Oryza sativa.



Figure 2. Pathogenicity test of Pyricularia on detached leaves of individual host following
Koch’s postulates. a. Blast symptoms collected from the field, b. Pyricularia isolated from
blast symptoms, c. Occurring of blast symptoms after inoculation of Pyricularia isolated for

72 h, d. Pyricularia re-isolated from the symptoms of the detached leaves.



nsusuanziaBaslagladnwmeniesdmgiwinguazrisniseniaine,

! 4 DQI Qs ! Qs o g s
vsvansiaiten lasloanwuzdmgn wu dnvuclaladl snuuesugiuvodslos

s

auvlﬂLmﬂmmuazgﬂs’]wawﬂai NUIIANMME AR RTINS UABUALRIN RO LAZIY
fdRuwluNTaNTI AT ww Ellis (1971, 1976), von Arx (1981), Bussaban et al. (2003b),
Park and Shin (2009) uaz McKenzie et al. (2010) uazlr3Tnnamsdinen

§na DNA @283% SDS-CTAB (sodium dodecyl sulfate-cetylmethylammonium,
Bussaban et al., 2005) aiaulouazatosfiiodluanmis PDA flamnnl 25 °C iua 7-
10 T4 W1V LAY (freeze-dried) WazLa ks Eppendorf tube 211@ 1.5 ml auanloazidaa

2

AIUNIINRY  quartz sand WazL@a lysis buffer flfuda 075 ml amiw@dy  SDS
lﬁmsa:msﬁmwm{m{mq@ﬁwmﬂu 2% wenlAlnin uWazUNA 65 °C Wi 30-45 w1l
wassvnaniTulranaznauit 13,000 U Wi 15 wdl I%Vl,ﬂm@g]@ supernatant
lalunaaalvy 1dn Nacl TasuSulnasazanafenuauamdn 1.4 M uasidy 10% CTAB
buffer Tui/Sanm 1/10 289050 5wasmTazanslunane wenlanie uaIuuf 65 °C Wit
10 Wt s lwBuas?t 15 °C Wlwiaan 2 Wt 1ia chloroform isoamyl alcohol 24:1 (vAv)
Iuﬂ%mmﬁwi’]ﬁ'uﬁ'umsa:mﬂﬁﬁaélﬁuluma@ panlwaniu  uaiandulrnanaznawi
13,000 TOU/WN Wk 15 WAl &Na supernatant ‘Eﬁaw chloroform isoamyl alcohol
unsEITwAmwNaNlw awnﬁul%"l,ﬂl,ﬂm@@ supernatant alunaaalny Lﬁamﬂmﬂau DNA
I@m@m 100% ethanol (Ui -20 °C) U531@5 2 11 mmﬁu’l:vmﬂm ﬂau‘ﬂ 13,000 S8U/WTI
‘Yl 4°C wn 15 wif I%ﬂmslmmu supernatant mu,a ma pellet msl 70% ethanol
I@ymimmummvl,ﬂﬁm 13,000 Jou/MA w1 10 m‘n @mmu supernatant mugagwgm
70% ethanol nasswils viumwaumiaunasaTousn Wi99INQA supernatant fauan
sufinaolunaonda DNA anndiuvinlk DNA LLﬁaﬁQMﬂgﬁﬁaa nawsinlazaneli 0.002%
RNAse (5 Hg/mi) lu TE buffer U5ana3s 50 HI uaninlduadt 37 °C win 1 Bslas iierans
RNA @729880Q M WLazLTNNMU09 DNA o svBanInsIwagalasles 1kb DNA ladder

\Ju marker anuwin lUifiu figawn® —20 °C aunaziluls

NS DNA hwmansvasiges (nuclear small subunit rDNA/nuclear large
subunit  rDNA/rDNA-ITS/actin/B-tubulin/calmodulin  genes) 5’38"3‘% Polymerase Chain
Reaction (PCR) lagly primer 199 (Table 1) 1383 PCR 1531@3 20 Wl S9ulsznauans
DNA 138979 5-10 111 1 LI, 2X PCR Master mix solution (i-Tagq) (Intron Biotechnology) %#3a
Phusion Flash High Fidelity PCR master mix solution (Intron Biotechnology) 10 [, primer
LAz (10 pmol/lll sense, anti-sense) 1 I wazfia ddH20 WeUsuysuaslmdu 20 Sl
ﬂﬁﬁ%mﬁl‘%ﬁ’m%méumi Faazv DNA lu GeneAmp 9700 thermo cycler (Applied
Biosystems) @8 denaturation 7 95 °C iuiian 4 wifl waeUATEIIwIn 30 Jou
I@]ElL’Ja’]LLazqm%QﬁLL@]Iﬂ:iaﬂﬁ’l@ﬂ&lﬁﬁluﬁEld’]%ﬂ’]iL‘ﬁI&lﬂ%@ﬂm DNA Tagly primer ang9
ﬁ‘i.li’]ﬂi;é&]‘i (Couch and Kohn, 2002; Bussaban et al, 2005; Thongkantha et al., 2008)



Lﬁaﬂﬁﬁ%mmu 30 sauuaraan’h ﬁqm%gﬁ 72 °C W 7 Wil 1nuianaa PCR 7ila
lamagouaumsvindiininslnigad 90 Taan un 1 % agarose gel lu TAE buffer
LtgagauLLnu DNA meLaﬁL@muI‘vaw@ R mawmﬂm UV transilluminator ﬁ]’muu‘m
NANA® PCR wvlﬂmmlﬂmammﬂ Nucleospln Extract 1l (Macherey-Nagel) ANATNNY
luﬂua NOWINNANEA PCR ‘n"L@ao sequencing 1 1% BASE Laboratories (Malaysia) ) ialesy
sequences mmﬂusuwamﬂmnmm % complementary 183 DNA “ndmtl sense LLaz anti-
sense mslIiJiLmi&J SEQUENCHER version 3.1.1 for Macintosh (Applied Biosystems) on)
SEQUENCHER version 4.1.4 for Windows (Gene Codes Corporation) Lﬁﬁll‘; sequences

! g: g: a - e o s a v
L‘V\E‘]']%%EL%‘U%@] WILAIICAAITURUNBINIIIIRXUINID

5%%’1 sequences mau%aﬁﬁaﬂamﬂ GenBank 8 BLAST (http://www.ncbi.
nim.nih.gov/BLAST) LﬁaLﬂ’%zmLﬁmuﬁﬁﬁuﬁmﬁiﬂm{mau%ama’mﬁug@mG] (multiple
sequences allgnment I@]EJI‘IJ?LLT]?SJ CLUSTAL W version 1.82 (Thompson et al., 1994)
LRZILAIN %mmauwuﬁmm’mmmwaaswz\ma Pyricularia (Table 2) I%GWH’J%UHS’J&JﬂU
seuiealelnavesdaainienuuas Hirata et al. (2007) laslsunsy PAUP* 4.0b10
(Swofford, 2002) LLa:ﬁ;’m phylogenetic tree 1ae3% maximum parsimony (MP, heuristic
search options: tree-bisection-reconnection-branch swapping, random stepwise sequences
addition) Waz3%  distance (NJ, neighbor-joining: Kimura two-parameter distance
measurement) §1%3U DNA sequence alignments L8z trees E&deﬂLﬁ'Ll"ﬁl TreeBASE

(http://www.treebase.org/treebase/index.html)

Table 1. Primers used for PCR amplification and sequencing in the present study.

Primer sequences 5’ to 3’ Number of References

base pair
ITS5 GGAAGTAAAAGTCGTAACAAGG 22 White et al., 1990
ITS4 TCCTCCGCTTATTGATATGC 20 White et al., 1990
NS1 GTAGTCATATGCTTGTCTC 19 White et al., 1990
NS4 CTTCCGTCAATTCCTTTAAG 20 White et al., 1990
LROR ACCCGCTGAACTTAAGC 17 Vilgalys & Hester, 1990
LR5 TCCTGAGGGAAACTTCG 17 Vilgalys & Hester, 1990
ACT-512F ATGTGCAAGGCCGGTTTCGC 20 Carbone & Kohn, 1999
ACT-738R TACGAGTCCTTCTGGCCCAT 20 Carbone & Kohn, 1999
Bt1a TTCCCCCGTCTCCACTTCTTCATG 24 Glass & Donaldson, 1995
Bt1b GACGAGATCGTTCATGTTGAACTC 24 Glass & Donaldson, 1995
CAL-228F GAGTTCAAGGAGGCCTTCTCCC 22 Carbone & Kohn, 1999

CAL-737R CATCTTTCTGGCCATCATGG 20 Carbone & Kohn, 1999




Table 2. The sources of Pyricularia isolates and allied genera used for nuclear small
subunit rDNA, nuclear large subunit rDNA, ITS1-5.8S-ITS2 rDNA, actin, P-tubulin and

calmodulin genes sequence analysis.

Taxon Strain No. (Genotype*) Host G(?o-graphic
origin

Dactylria sp. ° BS296 Digitaria didactyla Nakhonnayok

Pyricularia caricis® BS198 Cyperus sp. Chiang Mai

P. caricis® BS199 Cyperus sp. Chiang Mai

P. costina® BS134 Amomum siamense Chiang Mai

P. costina® BS193 Zingiberaceae Chiang Mai

P. griseaal BS316 Digitaria sp. Nakhonnayok

P. oryzae® BS290 D. eriantha ° Lampang

P. oryzae® BS314 Oryza sativa Nakhonnayok

P. oryzae® BS305 O. sativa var. japonica Chiang Rai

P. oryzae® BS310 Eleusine sp. © Chiang Rai

P. oryzae® BS311 Brachiaria sp. © Chiang Rai

Pyricularia sp. (CE)° BS279 Stenotaphrum sp. Chiang Mai

Pyricularia sp. (CE)° BS281 Stenotaphrum sp. Chiang Mai

Pyricularia sp.° BS191 Boesenbergia pandurata Chiang Mai

Pyricularia sp.° BS286 Boesenbergia sp. Chiang Mai

P. zingiberis ® BS130 Zingiberaceae Chiang Mai

P. griseab Dig41 (Dssh1) D. sanguinalis Japan

P. griseab NI907 (Dssh2) D. sanguinalis Japan

P. griseab Br33 (Dssh3) D. horizontalis Brazil

P. higginsii ° HYCI201-1-1 (Ci) C. iria Japan

P. oryzae® Ken 54-04 (Os2) O. sativa Japan

P. oryzae® Ken 54-20 (Os1) O. sativa Japan

P. oryzaeb Ina 72 (Os3) O. sativa Japan

P. oryzaeb PO-02-7306 (Os4) O. sativa Indonesia

P. oryzaeb GFSI1-7-2 (SP) Setaria italica Japan

P. oryzaeb G10-1 (TELE1) E. coracana Japan

P. oryzaeb SZEC1-1-1 (TELE2) E. coracana Japan

P. oryzaeb Br58 (As) Avena sativa Brazil

P. oryzaeb Br3 (TELE3) Triticum aestivum Brazil




Geographic

Taxon Strain No. (Genotype*) Host L.
origin
P. oryzaeb Br35 (Bp1) Br. plantaginea Brazil
P. oryzaeb Bp3a (Bp2) Br. plantaginea Brazil
Pyricularia sp. NI981 (CE1) Cenchrus ciliaris Japan
Pyricularia sp. Br36 (CE2) C. echinatus Brazil
Pyricularia sp. HYKB202-1-2 (Kb1) Kyllinga brevifolia Japan
Pyricularia sp. FKKB201-1-5 (Kb2) K. brevifolia Japan
Pyricularia sp. NI919 (Lo) Leersia oryzoides Japan
Pyricularia sp. Br37 (Sg) Se. geniculata Brazil
Pyricularia sp. INA-B-92-45 (Ss) Sasa sp. Japan
Pyricularia sp. INA-B-93-19 (Pb) Phyllostachys bambusoides  Japan
P. zingiberisb HYZiM101-1-1-1 (Zm1)  Zingiber mioga Japan
P. zingiberisb HYZiM201-0-1 (Zm2) Z. mioga Japan
P. zingiberisb HYZiM202-1-2 (Zm3) Z. mioga Japan
P. zingiberisb HYZiM201-1-1 (Zm4) Z. mioga Japan
P. zizaniicola” IBZL3-1-1 (ZI1) Zizania latifolia Japan
P. zizaniicola® KYZL201-1-1 (Z12) Z. latifolia Japan

* Unique multilocus genotypes (4 genes loci) of fungal strains classified in Hirata et al. (2007)

? Fungal strains isolated in the present study

° Fungal strains from public culture collections (Hirata et al., 2007)

Cc . . .
Hosts were grown near or in rice fields
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2. NMIAANIDIIN Lﬂ%tﬂlﬂﬂﬁl’mﬁﬁslﬂ La & La El'ﬂ%ﬂ’liai’l\‘l d@13aangnsaInIndn I,‘HGJ
T5alua Pyricularia

nziassTenlalwniuonlaannfeludsndon  (ns=381:  Curcuma  ecomata,
n3213822717: Cu. parviflora, N3¢T18: Boesenbergia pandurata, nyzfe: Zingiber zerumbet,
nn: Amomum siamense, mﬁml’l’s: Cu. mangga, °1j’1: Alpinia galanga, °IJI’11JI’1: Alpinia
malaccensis, ﬁ'uvlamﬁhf@aﬂﬁgu: Costus curvibracteatus, ‘]J‘@mdﬂﬂ: Etlingera litteralis, VLNI:
Bambusa sp., Iwa: Zingiber cassumunar, ﬁmaﬂaﬂizmy: Boesenbergia sp., ﬁﬁaqa‘ﬁ’lz
Alpinia sp., uaz WWAWIE: Hedychium coronarium) sAwiw 51 lalman uwemns PDA
Uuﬂam%nu‘ﬁao (27-30 °C) W% 7 % ﬁl’muumvlﬂl,amlummi 5 Ha (NMANWIN) A
glucose soybean meal broth (F1), malt extract corn starch broth (F2), glucose soybean oil
peptone (F3), potato dextrose galangal powder broth (F4) L8z potato dextrose broth (F5)
Toplmdndodadavsnadmoaulelniivuiadszanm 0.3 cm x 0.3 cm mﬁﬂﬂlﬂumms 5
ml ﬂﬂiiﬁllu%aa@ﬂ@aao °11m@1 18 mm X 180 mm “#aaaRs 2 °1m LLa’mwﬂam‘ﬁ.ﬂ&mao 7 %
UuLﬂiaGlﬂJEl']LLiJiJ‘IT’]EI-‘IJ’J’W]a@]i’]Li’J 120 v9U/W1N madLa'lml,ammawvlﬂvlﬂaﬂﬂmm ethyl
acetate iwmﬂLL%\‘la’m rotary evaporator ﬁlwvl,ﬂmmﬂﬂ‘ﬂmu fﬂ’muua AYRIIINARILUD
uaazlolmanlu dimetyl sulfoxide (10% DMSO) 1 mi wazsirlnaseugniaude
mm@ﬂiﬂvl,mj 8 mﬂﬁutf VL&LLﬂ. Pyricularia costina BS193, P. oryzae BS265, P. oryzae
BS267, P. oryzae BS285, P. sphaerulata BS151, Pyricularia sp. BS191, Pyricularia sp.
BS279 W8 Pyricularia sp. BS286 (;aiﬁ'ﬁ agar well diffusion assay lagnaaaTRNARL
fila 35 W asluuans well ﬁﬁmmmguﬁwgﬁugﬂma 5 mm Saznadoaliluaiuaints PDA
ﬁﬂgm%a Pyricularia Lwia:mﬂﬁugl,;ﬁaml,ga 3 Su §1w3u control 15 10% DMSO uaz 20
mg/ml benomyl lud3inasfitmiuneaasly well LLN”TE’]@J’]%EJ’]%’]S%G%N@VLﬂﬂN‘ﬁam%ﬂﬁ 25
°Cc7 ’Ju ’Jmmﬂﬂiaumad Pyr/cular/a IuﬁﬂuﬂﬂﬁﬂﬂLLE\]JM%@]’JU@&J‘Y]SL‘IT 10% DMSO LLm‘mm
mmma&la”madmiﬂum@rmammuma

Seiilaladiuad Pyriculria luﬁlﬂuﬂaqu — Seailalatiuas Pyriculria luaiuwnesau x 100

afilalafivas Pyriculria luanuaiugu

]
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3. ﬂ']iﬂﬂﬂLLFJﬂLlazﬁﬂﬂ"]g(ﬂi‘[ﬂﬁ'\?ﬂﬁ"]\‘l“].la\‘]ﬁ'lsaaﬂi]’nﬁﬂ']\?%’)ﬂ'lﬂﬁlﬂ%'\ﬂs']ﬂﬂﬂLaaﬂ

‘. . y o .

dadanTiaulalWnfisnansnguginmaaiyresdensmalinlvulaninnn 15%
ai’m’m 42 "LaIGnLaﬂ m(&‘m‘lum@gﬂmwﬂmm@ 250 ml ﬁmsqmmsﬂ%mm 50 ml
uuﬂaamﬂwaa (27-30 °C) W% 7 % UKLAIDIVEULLTIE-U21 NEATIT 120 Jau/wfl

'ﬂ’muunsaummLammaw"lﬂ"l,ﬂaﬂ@msl ethyl acetate JLRLUAIAIY rotary evaporator
srlamsatianeny inawatanenuiasnsazlszanm 5 mg Miufin 'H NMR sdnasy
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mﬂwuéftymﬂmiﬂsmamaaﬂéumsﬁﬁﬁaﬂﬁ] nniudaidananuinansfiavassiaulalin
Imzﬁuaqa%%aﬂ%a; Tavlrdnemcdagun laun mmmngﬂﬁ’mmaaaﬂag Tasoaadi
Tvrdtesdas %uuﬁumwﬁamaarﬁﬁwm laun mswaauiianalelnausiaa ribosomal
RNA genes (ITS1-5.8S-ITS2 %38 LSU) LLa:Lﬂ%UUL‘ﬁyuﬁuﬁﬁﬁuﬁaﬂﬁiavlﬂ@i(ﬁﬁlugmgaga
GenBank euAEALAsfT89% (Bussaban et al, 2005; Thongkantha et al., 2008) Waz%in
ﬁLauT@VLWVTﬁﬁ@LﬁaﬂifumLgmlum@gﬂwﬁ 2110 500 ml ﬁmiﬁ;mmiﬂ%mm 150 ml
I@ﬂﬁﬂéuiuﬁﬁ@aswﬁ@ﬁu 2 em? lmdusudng uaalasdld mnﬁuﬁﬂﬂﬁuﬁqmﬁgﬁﬁaa
(27-30 °C) 1w 7 T% wenf 120 soUMNT 31NTNI0ILNIeIHLEDIEe 3000 ml
"Lﬂaﬁ'@@?m ethyl acetate Tavmsinansaiianle LLgﬁqﬁwmsaﬁ'@LLUﬂﬁWiaaﬂqw§ﬂwa%aﬂww
@’m chromatography L°1m TLC W8z column chromatography wsaummmmuwamnwn
IuLL@a “mnaemMTufin 'H NMR silnaiu L&JElvl,ﬂﬁ’]iiﬁaﬁ‘ﬁﬁ]du'lvlﬂaﬁulﬂidai’]ﬂ@EIE]’WIF;I
maga 1D, 2D NMR anlnsalnd LLayLﬂiﬂumwﬂumiwmﬁmmlug’mmaga SciFinder
mnffu?irwmmmL%uﬂuﬁwq@maamiaaﬂm%{ Mic) lumsiiufimaasnaes  Pyricularia
Wisuifisuiuastiadanlsafis benomyl UaNAROUAMNTUN UL UNAY
USumuAtuas Villarroel et al. (2003) lasiadsuanslwiianuuam 0, 2.5, 5, 10, 20, 40, 80,
160 uaz 320 ug/mi lalu 24 well plate WANAz 2 ml AMUTNIHST 3 71 wanindeanlsuns
(Moina macrocopa) a1t 24 i lus psoananduy wuaesln 24 well plate Atasaly

) X ¥ A a Y ) & o o A A A e
wauaz 10 @1 Wevhlguwnines 24 il Mnuuiuiwnluafons Wadanzy
M3y (LC,,) @333 probit analysis waznasauaNuduinrasaseengnslunisaaan
ma&%amw:ﬁdﬂa@m&wg NCI-H1299 lag/3% sulforhodamine B assay Uszifiuenaa

-q’ g; eY v a . .
LT@J‘IJWIJEN&’]SﬁEJUUOL‘II&&?E]U&& 50 (IC5O) L‘L]%EJ‘ULﬁﬂﬂﬂﬂ&ﬁi%’]@liﬁ’l%ﬂ?ﬂ@ﬂL“N‘U’Jﬂ cisplatin
(19174l 2555)

v

[ o % i a n‘ { g X {
4. MITarigIuvayakazsIuINE BN LSENSasfiuenlanninluifasden

%’@ﬁﬂgmﬂayamyﬂ'mfu’%qwﬁmaaL%aiﬁﬁl,wﬂ"l,amﬂﬁﬂmgmL(’?]'m I@Uﬁuﬁﬂiaga
laun THETe THeITe anwoslde wazmwaNvadTauuanTasinllsunsy Microsoft
Excel LLEIWS’JUTJ&JETWﬂW%ﬁUiﬁﬂﬁ“ﬂﬂd‘i’]@x‘]ﬂﬂ’]’JLLUULﬂinﬂwU’]’Jluiﬂﬂ&l‘E’J@l Tnsiasagas
lua1115 half PDA uwam%nwaamu 1 Flonw LLaﬂw@mmﬂﬂaa@mammaﬂﬂlm
a5z 0.5 cm X 0.5 cm UaIDNBLEe 10-15 3% aslunanauniawia 15 mm X 100
mm ﬁmiﬁ; mineral oil 4 ml WaaNBLT0 6-8 % aslunaoANAIFANIWIA 2 m ﬁmsa; 15%
glycerol ﬁﬂvl,ﬂLﬁuﬁqm%Qﬁ 4 uaz —20 °C aWAGU
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1. MIANBIANMARAINRANYVDIBBIE N Q]‘[iﬂv[‘]/i&l Pyricularia

MNMsUiessIuas ATl R B A TR A uALEAso TN 33 Frasng Sl
é’ﬂumumaq@ﬁﬁﬂmauﬂu émsl,my'ﬂgmgﬂm ﬁﬁmw%ﬁﬁmaammagjmaﬂmou,wa
POULHATUNANALTY U3 MIaUVULNA=TMnEes (vellow halo) WNRENANIAVENURNATN
waznszaneTusnaluniasiuiusasfias mmsﬂgﬁmgﬂ"l,wvlﬂﬂ wui’uﬁmﬁaqa Pyricularia
Tapsuun o 7 5fia (Table 3) @7N§ﬂHM$%aGIﬂﬁLaﬂﬁLL@lﬂ@i’NﬁuLLﬂ:ﬂéNﬁ“ﬁa’]ﬁﬂ laun P.
caricis wulunnyaNs P. costina, P. zingiberis W% Pyricularia sp. wuluﬁmaé@a P.
sphaerulata WulwinUany Pyricularia sp. wulwima9daan waz P. oryzae (FNBUCHIUIN
maﬂﬂﬁLﬁﬂﬁogﬂéﬂaLLazmmmawﬁoﬁhmuwﬁaﬁy’uwméﬂﬂgﬁmﬁ’u P. grisea) wuluw
wunalne  wazwgIIRTONIg  uasndvaInmInesauanuamansalunsvilnialie
@13 Koch’s potulates WU Pyricularia Laazriarn AT duI A IR TRALFAI8INS
Talle  lasfenmssuanfidongmwdstivermslnaesfiofiivan  wazderinisuen
Fasnesswuidunoied

Table 3. Number of blast fungi isolated from monocotyledonous hosts.

Blast fungi (7 species) No. of fungal No. of host Host taxa
isolates (33) species (18)
Pyricularia caricis 3 3 Cyperus spp., Fimbristulis sp.
P. costina 4 2 Amomum siamense, Zingiberaceae
P. oryzae (= P. grisea) 19 8 Brachiaria muticus, Brachiaria sp.,

Digitaria eriantha, Digitaria sp.,

Eleusine sp., Oryza sativa,

Poaceae, Stenotaphrum sp.
Pyricularia sp. 3 2 Boesenbergia pandurata,

Boesenbergia sp.

Pyricularia sp. 1 1 Maranthaceae
P. sphaerulata 2 1 Commenlina sp.
P. zingiberis 1 1 Zingiberaceae

mﬂmsmhl,%aﬁml,mq‘[mvlmj W 16 laloan LLazL%aaqmﬁmﬁumﬂmsﬁﬂm
289 Hirata et al. (2007) 31w 21 lalman (Table 2) s u3sufisusiguiaeilalnaves
ﬁuaf rDNA-ITS, actin, ﬁ-tubulin e calmodulin genes I@ml% Dactylaria sp. BS296
fﬁau,sm"l,aﬁnﬂmmﬂufgmaamﬁﬁmﬁm (Digitaria didactyla) u’%nmmumgmaﬁuftﬁ e
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waswendu outgroup lumaidSouiisy (Table 2) mmLmv'ﬂmmﬁuwuﬁmanwmms
?Jadi’laﬂa Pyricularia 1agA% MP uaz NJ ‘WU’J’] phylogenetic trees ‘naiwﬁnﬂwam
ﬁml,mmﬁmummu 1954 aligned sites ez 814 (41.7%) informative sites LLﬁ@dl‘v\mum
mnalsalwlluan Syfs woruwelna uasiofiziug ATFnvuAmMUARARITY (P,
grisea WK P. oryzae) Lﬂui’l‘ﬁlﬁm’mﬁ&lﬁu'gvlﬂg%ﬂi@]Elfl‘i_lﬁmﬂﬂ:ﬁl’mﬁu (monophyletic
group, boostrap support = 100%, Figure 3) LLa:mﬁme:vﬁ:@ﬂl"ﬁ%agamn%ﬁﬁuﬁ
muwmzqmﬁmwﬁLLﬂﬂ15QWﬂ§ﬂ1 (BS305, BS314) wnyiznlumana (BS310, BS311)
LLa:LLﬂaamJﬂLLwaTﬂéwﬁﬂgﬂ‘lﬂgu%nmmfﬂn (BS290) &a P. oryzae uarmuonlaan
mﬁﬁmﬁﬂumuamgmaﬁuﬂﬁ (BS316) UazLSIMIINNA (BS279, BS281) fa P. grisea
Waz Pyricularia sp. (CE) @NWsNU swSD Pyricularia THeawATANNLANANITIEN1I
ﬁmgmazﬁa%’@Lﬁ]uluﬁmaﬂﬂﬂLma:ﬂqmz&lm’mauwuﬁwmaaaﬂvl,ﬂﬁnﬂ P. oryzae uaz P.
grisea wazdslumunsauenian iR Tanmsisaauaas Pyricularia wanitla
ifiosa1nlu MP trees figs9anny9aiug (Figure 3A) LAZE9INNLARZEWNLINLNY nodes
Y internodes madi’lmal’]‘f?l,ajﬁ boostrap support a&iﬁavlﬁﬁm’m phylogenetic trees
ﬂﬁi’ldﬁ]’mﬁuaﬂdﬁluﬂ’]iﬂﬂﬂ’l ﬂiauI@]mﬁ MP (Figure 3A) uaz NJ (Figure 3B) wm
boostrap support LLGlaw clade °n 100% aa@ﬂaaaﬂumﬁwuaﬂm"naa Pyricularia mﬂa’n
Tavlrdnumeingiu asil mlunnTois (BS198, BS199) A8 P. caricis Galafidnfiniionm 2
§u wazenuenlnawdesi P, higginsii (Ci) wa P. caricis Sanuninsuedlai@annnni
LLazgﬂiﬁdmaﬂmﬂIﬂum;J"L;JLimamamemﬂu P.  higginsi s wiusluReeddd
lanyusia (BS193) uwaznn (BS134) fia P. costina Tz luisadeilunsusia
5ﬂ°ﬁﬁ@]1ﬂ‘1’id (BS130) uwaznizwney (BS191, BS286) fa P. zingiberis W8 Pyricularia sp.
ANNAGL
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Figure 3. Phylogenetic relationships of Pyricularia inferred from combined rDNA (ITS1, 5.8S, ITS2), actin (exons and introns), 3-tubulin (exons
and introns) and calmodulin (exons and introns) sequences. A. One of 100 MP trees, B. An NJ tree. Dactylaria sp. BS296 was used to root the

trees. The bootstrap values representing 1000 bootstrap replications are given when more than 50%.
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o ¢ [ ¥ % Ag @
2. NMIAANIDIIN Lﬂ%tﬂlﬂﬂﬁl’mﬁﬁslﬂ La & La El'ﬂ%ﬂ’liai’l\‘l d@13aangnsaInIndn L‘Iﬂ(ﬂ
T5alua Pyricularia

anmsdansassnanlalnniiwan 51 lelsan  lumsaresseengnianugen
mm@lkﬂvl,ﬁﬁ Pyricularia spp. I@mwwwgmlummi F1, F2, F3, F4 w8y F5 Ba49NyNng
nagauny Pyricularia MWK 8 mﬂwuﬁ wunTuanlalan s1win 42 uaz 18 lalwian
mmmaﬁamiaanqwﬁﬂuU\‘mﬂaIsﬂvLmVL@aaiNuawmmﬂwuﬁ Tapdudslasnnin 15%
Waz 30% Musey Tanlalinfiansssaangnuenmsuaasia ol s NI wLANANITH
LLa:éTuilzamim'%zymaaﬁﬁakﬂmﬂﬁutf@m6] Talumiu Taswuasuenlalwnswauann
figadis 8 loloian Aidssluamns F1 uss F5 sunsadudfsmisiasgaesnnalsalainnnm
30% uazTswands 21 lelman Adesluomis F1 El'u5’0mnﬁmmaaﬁﬁakﬂvl,o;mnniﬂ
15% (Table 4) agnalsfiany msdanseslasmsiasarienlalnn LL@]QWVLEII"]ILE\]YISLHE]W%’]TYIG 5
LN mlmwuiammaaLmaiunﬁiaiﬁamsaaﬂqwﬁmmwvl,@ \T%  Pestalotopsis
maculiformans PDB151 mamiu F1 Eﬁ’h‘]a’l‘iaaﬂﬂﬂﬁﬂumﬂ’lilﬁlﬁmﬂlad P. oryzae BS265,
P. oryzae BS285, Pyricularia sp. BS191 Wwaz Pyricularia sp. (CE) BS279 VL(; 13-26%
wafiiioslu F2 sasemseengnsiusimaainvesdedinaladdn 17-65% iuau (Table
5) wananii §sRHaneNUAIY ethyl acetate voanApsvasTiawlaln 6 lelbian
mmmﬁ‘uEJy’amiLﬁryma\mmmeﬂsﬂvlmjuéa:mﬂﬁ’uﬁjvl,aﬁﬁq@ (38-75%) ENIFNARLLVD
unidentified fungus PDB21 Aitaesly F4 uas unidentified fungus PDB24 fitaeslu F2 Sugs
P. oryzae BS267 Vléaﬁq@ 75% ualwiiuds Pyricularia muﬁuﬁ:'é‘w] finamoy luwmed
SIRNARLLVDY P. maculiformans PDB151 ﬁL'ngLu F1 wae F2 Wwae Favolaschia sp.
PDB187 fitaeslu F2 uas F3 ﬁuﬁ%mmm@h@"lﬁﬂ@: 4-7 mmﬁuﬁ (Table 5)
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Table 4. Qualitative antifungal activity of 51 endophytic fungi cultured in F1-F5 inhibiting
growth of blast fungi.

Number of isolates of endophytic fungi inhibiting growth of test
Potential antifungal

. organisms

activity
BS151 BS191 BS193 BS265 BS267 BS279 BS285 BS286

F1
+++ 0 0 0 0 8 0 0 1
++ 3 6 2 2 6 21 3 2
+ 2 5 1 1
- 46 43 46 49 35 25 47 47
F2
+++ 1 2 1 1 7 3 2 1
++ 1 2 0 1 5 11
+ 0 2 1 0 3 0
- 49 45 49 49 37 34 46 50
F3
+++ 1 1 0 0 7 3 0 0
++ 3 4 2 0 5 6 3 3
+ 1 4 5 1
- 47 43 48 49 35 37 48 47
F4
+++ 0 0 0 1 4 1 1 0
++ 1 1 0 0 6 9 0 0
+ 1 3 1
- 49 47 51 50 38 35 50 50
F5
+++ 0 0 0 0 8 1
++ 3 3 2 0 5 10 2 2
+ 1 2 2 0 1 1 2 1
- 47 46 47 51 37 39 47 48

*+++: > 30% inhibition
++: 16-30% inhibition
+: 1-15% inhibition
—: no inhibition
BS151 = Pyricularia sphaerulata, BS191 = Pyricularia sp., BS193 = P. costina, BS265 = P. oryzae,
BS267 = P. oryzae, BS279 = Pyricularia sp. (CE), BS285 = P. oryzae, BS286 = Pyricularia sp.
F1: Glucose soybean meal broth, F2: Malt extract corn starch broth, F3: Glucose soybean oil peptone

broth, F4: Potato dextrose galangal powder broth, F5: Potato dextrose broth
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Table 5. Inhibition percentage of blast fungi by extracts of six isolates of fungal endophytes cultured in fermentation media (F1-F5).

Test organisms Inhibition percentage (%)
Unidentified fungus PDB21 Unidentified fungus PDB24 Fusarium sp. PDB113

F1 F2 F3 F4 F5 F1 F2 F3 F4 F5 F1 F2 F3 F4 F5
Pyricularia costina BS193 16 - - - - - - - - - - - - - R
P. oryzae BS265 - - - - - - - - - - - - - - -
P. oryzae BS267 50 42 17 75 50 50 75 50 8.3 8.3 - - - - -
P. oryzae BS285 - - - - - - - - - - - - - - -
Pyricularia sp. BS191 - - - - - - - - - - - - 13 - -
Pyricularia sp. BS286 - - - - - - - - - - - - - - -
Pyricularia sp. (CE) BS279 30 - - - - - - - - - 13 - - - -
P. sphaerulata BS151 - - - - - - - - - - - - 38 - -

Unidentified fungus PDB137 Phomopsis maculiformans PDB151 Favolaschia sp. PDB187

Pyricularia costina BS193 - - - - - - - - - - - 42 26 - -
P. oryzae BS265 - - - - - 25 38 - 31 - - 28 11 - -
P. oryzae BS267 - - - - - - - - - - - - - - -
P. oryzae BS285 - - - - - 26 65 26 39 26 - 39 - - -
Pyricularia sp. BS191 - - - - - 13 17 13 - - - 50 40 - -
Pyricularia sp. BS286 - - - - - - - - - - - 42 - - -
Pyricularia sp. (CE) BS279 26 40 40 - - 26 30 39 26 36 - 33 16 - -
P. sphaerulata BS151 - - - - - - - - - - - 34 19 - -

F1: Glucose soybean meal broth, F2: Malt extract corn starch broth, F3: Glucose soybean oil peptone broth, F4: Potato dextrose galangal powder broth, F5: Potato

dextrose broth
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3. ﬂ']iﬁﬂﬂLLElﬂLl,aZﬁﬂﬂ'lg@litﬂi\‘lﬁi'ldﬂE]\‘lﬁ'lii]Bﬂi]‘YIﬁ‘YI']\‘]‘E'Jﬂ'IWﬁl@]%']ﬂi'lﬁﬂﬂLgﬂﬂ

& ' [ o ¥ A .
iaulalwn PDB151 Gausnlaananawnilefuveinn (Amomum siamense) \iu
. . N y P )

leloanfidaianiiansafiausnuazfnsngaslasiarizassnssangnd@amun - fa991n

o g: a ¥ [ s :; CE—"1 1 % e

sanIndugImuadyramanglin lnalanawaeiuguazlaiufin 'H NMR sinaiuuan

% ! { ' % a ! X

usasiyamlliasensasnauanIfiwauls MnnsAnmansaedmigIn wunTeulaluni

s a A = s = =3 ke a
sylaflidvauia 22-29 X 8-9 um jUnwzaIn @39 § 5 wwaa uaziivesnaaildnuasLTiom
> 3; v a A a g v ! v a A a s v
NIN® awlansedlafi@eiiszenn 1w sauaudansvesladilfeliszensn 3 1aw wiug
A3987ANL 2 ®38 4 8w (Figure 4) TIAMBNUANWMULURY Pestalotiopsis maculiformans
§ o Qs a i ~a
(Guba & Zeller) Steyaert (Guba, 1932) uasitlawSouifisuaiduiiedlelne USiimw ITS
rDNA 8¢ nuclear large subunit rDNA WU1N Inaudesiu P. maculiformans (accession
q & o o a o > a .
number EU552147) 98%  WazliaaTZRANNTFNABINIIIINUINITAI8AT  distance
(neighbor-joining: Kimura two-parameter distance measurement) WU P. maculiformans
Y v s ya v . .
PDB151 H0NINANUT Ina%anyu P. maculiformans (accession number EU552147,
g o ! [ d { o ! ¢

bootstrap support 89%) T9anfiuaglu clade (HeAUTaNABUNTAaL WA Amphisphaeriaceae

(Figure 5)

Figure 4. Pestalotiopsis maculiformans PDB151. a. Colonies on potato dextrose agar, b.

Conidia. Bars, a =1 cm, b = 20 pm.
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Amphisphaeriaceae

Figure 5. Tree inferred from neighbor-joining of the ITS1-5.8S-ITS2 rDNA and nuclear large
subunit rDNA sequence alignment of Pestalotiopsis maculiformans PDB151 and related
genera. The bootstrap values representing 1000 bootstrap replications are given when more
than 50%.
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v v

mﬂmsﬁﬂmmmmeu@i’wqmaamiaﬁwmummmaﬂ@"LWﬁ P. maculiformans
PDB151 lumsfiufin1siasaaes P. oryzae BS285 wuinmwm%u%mf’lq@ﬁEl'mflv'omiw'%ty
(MIC) 1w 64 mg/mi (Figure 6) HsganuflarlSouifiaufiu benomyl AeNanauIwRss 20
mg/ml fugeanamstuiislaasnstaion agnslsfinn ssatansuiingalaluamns F2 uas
F4 fa 113 uaz 161 mg/l VaI8IWIT ANEIAU Lﬁaaﬁ'@l,l,smmsaaﬂnw%f@:’m chromatography
wroTsAamunansuenluuassEIunaIsMITHAN 'H NMR sinasy ?iﬂmg@ﬂmoa;’m
maamﬂ@mmﬁﬂ%aga 1D, 20 NMR sunlnsalni wssiSsudisuiussidnenule
3W9Ya SciFinder Scholar Wuusnlamsauiuruas phenol 1 wiia laun tyrosol
LLa‘;a’limgﬁu’Eﬂlad lactones 5 THa VL(;LLﬂI pestalotin, dehydropestalotin, hydroxypestalotin,
oxysporone LLa:miagﬁuﬁ:‘uad lactones ﬁﬁﬁvlajﬂiﬂulmaagnmﬁau (Figure 7, Table 6)
@%’m%’umw&'ﬂﬁwuﬁa pestalotin (22-39% yield, Table 6) wazifiovin pestalotin ¥ INARDU
m3fusamsieines P. oryzae wundan MIC 35 pg/iml uazifienaseuanuidufisuuy
BHUNAY wmwmwm{wﬂumaomswml%vlmlmmﬂvlﬂsaslaw 50 (LD,,) mamimaau 24
2 lus @a 208.12 pg/ml smaamnm MIC lumsiuds P. oryzae Uszanm 6 1m uaﬂmﬂu
Iumm@aauqmmammaa pestalotin mavmamamzmwmﬂa@uuw NCI-H1299 WU
sl,umsﬂﬁwmummLﬂuwwawﬁammmﬁwmmmwwmmwﬁaﬂ@mﬁ sulforhodamine B
assay laenanaastuvesmIfifuiaaaasossr 50 (IC,) «u 1330 usz 4.06 mM
ANNAAY (msmmﬁmmmwL%ammﬁﬁﬁa cisplatin, IC50 = 4299 uUaz 1570 HUM)
LLa@ﬂ%mmwmm"l,wmewmmmaﬂuwawaLsﬁaau s59pfiad oondlsfiony Suwalualu
rm‘mJmmsmamrwmummmmmaal,éma Tasfina 72 $lus wunlwasafilauasit
wmwﬁummmmmaamaaLLuu"l,sﬂmia 3.01% sl,ummmLeﬁaaﬂﬁgwmuqm"l,w"lmumwm
goiimsuusivesmasuunlulnds  7.66% LLﬁiﬂ%agaﬁVL@?ﬁo"LaJ‘%'@wuiwﬁmsmqu%
sumwaaiszezlarasiginamas  wazddlunudnsaznaouuvezinlnds  wawuan
TLAARUBILTAANATUAS pestalotin JanwasiTuwiizuaslassanasudadadouanansly

NNauAILAX (Figure 8)

Figure 6. Minimal inhibitory concentration of crude extracts of Pestalotiopsis maculiformans

PDB151 and benomyl on hyphal growth of Pyricularia oryzae BS285.
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OCH; OCH;
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Figure 7. Structure of compounds isolated from culture broth of Pestalotiopsis maculiformans
PDB151. 1 Pestalotin, 2 Dehydropestalotin, 3 Hydroxypestalotin, 4 Unknown structure, 5
Oxysporone, 6 Tyrosol.

Table 6. Compounds produced by Pestalotiopsis sp. PDB151 cultured in F2 and F4.

Compound F2 (563.3 mg) F4 (282.9 mg)
Weight (mg) % yield Weight (mg) % yield

1 220.4 39.13 63.2 22.34
2 12.9 2.29 11.3 3.99
3 59.8 10.62 19.9 7.03
4 1.9 0.34 0 0

5 0 0 1.5 0.53
6 0 0 5.7 2.02

Total 295.0 52.37 101.6 35.91
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Figure 8. Cell cycle of NCI-H1299 after treated with (-)-pestalotin for 72 h, a. Interphase,
b-e. Mitotic phase, b. Prophase, c. Metaphase, d. Anaphase, e. Telophase, and f. Bean-

shaped nuclei (arrowed). Bars, a-f = 10 pum.

v 4 s

] v ¥ []
4. MITarigIuvayakarsILTINE BN LSENSasfiuenlanninluifasden

ﬁ’uﬁﬂ%a;&amﬁwqa Pyricularia Augnlaanialudsadon 33 lelman uazsiau-
I@"LWﬁﬁmeqwﬁuﬁv'amsl;«a’%agmaaﬁmm@ﬂiﬂvl,mj 42 laloian  (MAKWIN)  WAZLAL
msﬁuﬁ:u‘%qﬂ%(maaﬁﬁaﬂénmewzmﬂugﬂﬁﬁ%% (mineral oil waz 15% glycerol) 17 o
%aaﬂﬁﬁ'@mﬁ%’y@%umsﬁwmLmuﬂ"oﬁmam%'wmm%amw (SDBR Laboratory) N1a3a1
F23M81 ABEANEEEas WIngauEslna
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AMVARIINKAIYVDILBDIEN L‘Vi@!Tiﬂl‘Vi&l

X > I N N Vi 4
danaunglalurnuazirluiRosaudosiadug Ausasamilnafiinisfinulu
avafidanunannansuazdnayluana Pyricularia \eianssnannansusimgiusadlafify
A e g a oA . . L] ; TNAihor
ALANANIN® N baLdn 7 e fa P. caricis wuluwnndang P. costina, P. zingiberis W
c L . . : >
Pyricularia sp. WUlN929a39 P. sphaerulata wulwiAnyUanu Pyricularia sp. WUlWRT9AARN
> v d‘y (%3 s v a = dl = = o o A = s
w8z P. oryzae wuluzm wanidssdan wazwpisde WaSoufisuaauiaaalalnavas
6 ' 6
8w rDNA-ITS, actin, B-tubulin W8z calmodulin WU P. oryzae Wae P. grisea FONUTUNUD
[ 1 5 A 6 @ ¢ 4
Inagalaofiusswyysaiauiu (boostrap support = 100%) uazn1TilaTznlaslsrayaINNIg
6 v H v v v v
Buafannninszyrfianiuenlannany wyrizisluwivn (Eleusine sp. uaz Brachiaria
[ [ ' v @ ' & '
sp.) uszmauwilnan (Digitaria eriantha) fidgnlnan3inmunaninddlulndeglunga
~ o dl v v v v ' v v ,
ANy P oryzae fusnlaanne 9ty (. coracana) AM3laa (Avena sativa)
ke s o % { ¢ Y o
WASHINBLANTWAT (B. plantaginea) (Hirata et al., 2007) swiunfiuanlaanwa iz
. . . = g; gd‘ a a di !
(Digitaria sp. W8z Stenotaphrum sp.) lunsdnmassiiadaluinmdu wu lusiueyna
o ¥ a ~ A e ! ' a [V . A v Y A
wunluuszudnmnimaliluindeglunguifeniu P grisea fuanlavnwgnduun (D,
sanguinalis) W8 Pyricularia sp. (CE) ﬁLLUﬂVL@ﬁ]’m%aJU']WN%mLLaW%ﬁ'u (Cenchrus ciliaris)
GUENG (Hirata et al, 2007) azduwnmilmreyanvendiinmoislunsyriiazem
g; nllda/ [ v a o v ! a ! a > s =1
nrasnfanwussugwinadusiuwlaiduased wduanuiuluns@nwaes Couch and
{ o a o o a s s . . .
Kohn (2002) fivnmsiaszuaisuiinadlelnavasfiug actin, B-tubulin waz calmodulin
~ ' Agl, A o Y a Y a . . A . ' X A o Y a
wnssngeniivhlniialsalunan@uun (D. sanguinalis) fa P. grisea aawTafivnlniialin
VL%&JIWIJ’]’JLLM‘E@WT fa P. oryzae LLaz3a teleomorph Magnaporthe oryzae Tnidusnofialng
v ! o Q a s €g: o ! X o Q
laglranuuanarsvasanduiiadlalnanniuanssnaunuil luruaadeinu
Zellerhoff et al. (2006) 'lanasauaNaNITOVed Pyricularia 19 laloan fAusnlaann
! o v a Q v & & Q & =Y € o Qs a €
Arrfiaansg lumsmlafaliaivaiuneg 8 sedug uazliesznanduiiiailelna
U1tk actin, B-tubulin L&z calmodulin genes WUNTITRalANALan AN Pennisetum spp.
ferwlnata fu P. grisea Ausnlaann Digitaria spp. smLmaﬁmaaamﬂwuﬁuvl,uﬂalu
Aalsaluamunsasussduaussafiaiunfiugnlaanana  smsu Hirata et al (2007)
frnmyerenmauiaailelnansasusawdsiulunsinsasi wmwmﬂwagamﬂ
s o ' ! a Q Qo s a
Susnasiunwmolumaszysiouszanuuiurmadiawiniizes P. oryzae uaz P.
g ! d 5! o ¥ a o a . .
grisea laiduarad TutadisdiarenninivrayanTVineussaugIWInenves Pyricularia
.
LGOI Lmewm"Lm’mmuaﬂmm’]mwwuﬁma'nwmrmwmLamaa Pyricularia
ﬂaumaﬂumwammumaﬂuamamwxj@mmuu"l,@ LL@]&%U&%%ﬂ’]i%Uﬁﬂ‘Hﬁ‘DE}G Pyricularia
"L@amagnmaahmeim’m’mm boostrap support UaILAR: clade “ngmm 100% 15133

parsimony L& neighbor-joining
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Pyricularia oryzae #ananuNYNMuRTlannaIn uwazvenuiemeivlann
szoematasidulaumdelifsanduning uazensazaansnandolufizniafonsfiedula 1o
wdaie  leo@esungaansouwinszanglamuinonizlan  wasflosnwinanzas
Afinsrznaveslsalnuasnaguusila (Asuyama, 1965 Ou, 1987) swiuludszinalng
Sirithunya et al. (2008) "l@ﬂswmum'm%mﬂﬁmsr’naomaﬁmL%@Iﬁﬂvlﬁwiﬂﬂimaﬁﬂwww
DNA 371 RAPD DNA LLawiwmmﬁ P. grisea (Gli\‘iﬂa P. oryzae @UIYINUVDI Couch and
Kohn (2002) Hirata et al. (2007) uazlusnuisuassil) mmqkﬂvl,mlumn 217111 219115488

a o € ! %) ! % ! X % v
wazdaie  dmodusuanaeiuwldluuaszme  wszdawuriBenaunglialnuluaniuas
Qs Q Q/ G’Q/ Qs Qs i v ! ¥ =
JrRsianuFuAusiw JsRvervziduirardonaienle azRnlansaanassnumsinm

g: gA Ll v v v o A v i i .
luassiinunaaunglsalnaluang wyrisfoluwiu (Eleusine sp. uaz Brachiaria sp.)
wazwauwalnan (D. eriantha) NgninauSnmwinrudusiiadoaiu fa P. oryzae lasiane
v e o A d . R
mduilanludmiaBoenodilanmueimemunzay  Usznaufumilayululasauves
NBAINIRDIINIETY289I7  AzuaasemM Y mumnsudamnfmaniziieyluulas
v v o = 1 v v o Ll v v v o 6 ]

21078 HAINNALINLITILAVITATIAM RLas R URBIFAIa1duuRaIREEY  inoculum

A A vu/ ‘gl, i =3 a % e A A ad & %
lagiduizmaenlwiv@esungla  Tsasiimanunudesiufsuszifonitnmsdasiu
o o Y9 ¥ X ! a A Aa € a a
maanamalsanalnmnunzay wenani lunaodszna wu 3w diu Afddus Swids
a % e va vy < a4 o o oo X doq¥a
fenwn Wenilwielse lnulurnussfyRsdwduawazsianuiugaivilniala
Iu%mﬂauuﬂ (D. sanguinalis \\.8% Digitaria sp.) I@ﬂl"ﬁaﬂummﬁtmﬂmawﬁa (laboratory
matings) ﬂ’J’WJ‘SuLLNIuﬂ’]‘WHl%Lﬂ@ﬂ:ﬁ?ﬂ AT NIRRT anvEanTalums
ﬁﬂﬂLﬁ@I‘iﬂluww@aamuﬂma6] (Borromeo et al. 1993, Kato et al., 2000; Chen et al.,
2006; Mishra et al, 2006; Yamagashira et al., 2008) A4HUITHATBAMURAINANILVD
A’ i dl =4 g Q = ! v dl o !
dasmalia bwuludszinalnoaisfiasfnmlnaseuasuluansazdinaneiy el
wHUMIIANIANIEBIfiafanlialnad  InsaaaassnuaNNAwLl IR UINIINYEY

[% e ¥ ' il
MNaunglianauazaeRuszinanraneluuaszniavadsznalng

o P [ [
dnanmaassieulalinlunsaruaasasiawwalsalua Pyricularia

» L x v g Y e X4 ae
lunmsAnenaSiaadlvRnassTaITIanla Mniusnlaanisluiaeaae déns-
@ @ 6 o IQ/
AWIUMINEARIIN WD laawuTaula linilszunm 82% uaz 35% aadiwiundansad
v v v v v ' v 1 o 6 Q{q’ g;
aﬁomsmm%aﬁmmqkﬂ"l,m Pyricularia "L@amauawﬁamﬂwuq lasuaaigndius
i o o o v [ & i
YNNI 15% UAZ 30% AINRIGU WAZNNIAANIAIAILNNTLADITILawIa Nz lalsian
Tua1rsns 5 shedurlndnlanmsuaadelunsasnsanauwiianla i Pestalotiopsis
maculiformans PDB151 (Lanananawinita@duuas Amomum siamense) Miaodlua1ns F1
s o < Aa i g o ¢
FyEITugINIRIyvaInauRalinlng (13-26%) la 4 a1uWuT (P. oryzae BS265, P.
oryzae BS285, Pyricularia sp. BS191 Waz Pyricularia sp. BS279) wafilisdlua1vs F2
[-% g: Z Qs ! ydz Qs Q et ! dl
futugedinaniladun (17-65%) uazluassniannudiwudygimllinsansainguasi
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wanles Tasawzfiidesluomis F2 (113 mg/ml) waz F4 (161 mg/ml) &slnansatianeny
annnmtassluamnssieduais soladaidensiawlelun P. maculiformans PDB151
nEsin BN aduavnsigesia ﬁﬁ@LLUﬂLLﬂ:izH%ﬁ@mﬂdﬁﬂﬂg 6 Tha ﬁ‘f}aLﬂua’liagﬁuE
284 phenol 8 tyrosol (Sentheshanmuganathan and Elsden, 1958) LLa:miap&ﬁu‘gmaa
lactones @@ (-)-pestalotin (Ayer et al., 2000), dehydropestalotin (Dickinson, 1993),
hydroxypestalotin (Venkatasubbaiah et al., 1991), oxysporone (Adesogan and Alo, 1979)
LA miauwuﬁmaa Iactones YIEJGVLMYIS’]UIQNB(‘S’N&I’mau I@ﬂmsmﬂﬂwma (-)-pestalotin
(22-39% yield) mmmmmumammmi (MIC 35 pg/ml) mamiyummimimmad P.
oryzae Gi"wmﬁmm'mLﬂuwMmﬂuwauwﬁﬂﬁ%um%aLﬁuLLwadﬂmauammm"[ﬂmmm
(LD,, 208.12 pg/ml) Uszaneow 6 ' uenanit pestalotin uumiuwlunwwmnwniﬁ
ﬂ‘i‘”mummmmmaamaamamﬂwmﬂa@uums NCI-H1299 lagfi 72 mimmamswmau
Lsﬁaawvlm‘umiuummummmmmawﬁammuvmiﬂﬁm (3.01%) mmﬂumaaﬂqumuau

A 9’0/ X Q ) a a
(7.66%) Lazihafuguadwaai lasuasiianwmzAadndldanidu
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Table A. Composition of fermentation media, F1-F5.

F1
Glucose 3%
Soybean meal 0.5%
CaCl, 0.01%
KH,PO, 0.1%
MgSO,.7H,0 0.05%
F2
Malt extract 2%
Corn starch 2%
Corn steep liquor 1.5%
Pharmamedia 0.5%
Red grain 0.5%
CaCO, 0.2%
F3
Glucose 1%
Soybean oll 0.2%
Peptone 0.2%
Sugar cane baggras 0.1%
Yeast extract 0.3%
KH,PO, 0.1%
NaCl 0.2%
CaCO, 0.3%
F4
Potato 20%
Dextrose 2%
Galanga powder 0.5%
F5
Potato 20%
Dextrose 2%
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Table B. The sources of Pyricularia isolates and potential anti-Pyricularia endophytic fungi.

Fungal taxa Strain No. Host Habitat G?o.graphic
origin
Pyricularia isolates
Pyricularia caricis BS198 Cyperus sp. Dead culms  Chiang Mai
P. caricis BS199 Cyperus sp. Dead culms  Chiang Mai
P. caricis BS313 Fimbristulis sp. Leaf blast Chiang Rai
P. costina BS134 Amomum siamense Leaf blast Chiang Mai
P. costina BS155 Am. siamense Dead leaf Chiang Mai
P. costina BS194 Am. siamense Dead leaf Chiang Mai
P. costina BS193 Zingiberaceae Leaf blast Chiang Mai
P. grisea BS315 Poaceae Leaf blast Nakhonnayok
P. grisea BS316 Digitaria sp. Leaf blast Nakhonnayok
P. oryzae BS267 Brachiaria muticus Leaf blast Lampang
P. oryzae BS290 Digitaria eriantha Leaf blast Lampang
P. oryzae BS319 D. eriantha Leaf blast Payao
P. oryzae BS265 Oryza sativa KDM105 Leaf blast Chiang Rai
P. oryzae BS285 O. sativa RD6 Leaf blast Lumphun
P. oryzae BS314 O. sativa Leaf blast Nakhonnayok
P. oryzae BS302 O. sativa var. japonica Leaf blast Chiang Rai
P. oryzae BS303 O. sativa var. japonica Leaf blast Chiang Rai
P. oryzae BS305 O. sativa var. japonica Leaf blast Chiang Rai
P. oryzae BS308 O. sativa var. japonica Leaf blast Chiang Rai
P. oryzae BS310 Eleusine sp. Leaf blast Chiang Rai
P. oryzae BS311 Brachiaria sp. Leaf blast Chiang Rai
Pyricularia sp. BS191 Boesenbergia pandurata Leaf blast Chiang Mai
Pyricularia sp. BS286 Boesenbergia sp. Leaf blast Chiang Mai
Pyricularia sp. BS287 Boesenbergia sp. Leaf blast Chiang Mai
Pyricularia sp. BS146 Maranthaceae Leaf blast Chiang Mai
Pyricularia sp. (CE) BS126 Stenotaphrum sp. Leaf blast Nakhon Sawan
Pyricularia sp. (CE) BS279 Stenotaphrum sp. Leaf blast Chiang Mai
Pyricularia sp. (CE) BS281 Stenotaphrum sp. Leaf blast Chiang Mai
Pyricularia sp. (CE) BS318 Stenotaphrum sp. Leaf blast Payao
Pyricularia sp. (CE) BS99 Stenotaphrum sp. Leaf blast Nakhon Sawan
Pyricularia sphaerulata BS150 Commenlina sp. Leaf blast Chiang Mai
Pyricularia sphaerulata BS151 Commenlina sp. Leaf blast Chiang Mai
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Pyricularia zingiberis BS130 Zingiberaceae Dead leaf Chiang Mai
Anti-Pyricularia endophytes
Acremonium sp. PDB16 Curcuma mangga Leaf Chiang Mai
Chaetomium globosum PDB2 Alpinia malaccensis Leaf Chiang Mai
Favolaschia sp. PDB187  Am. siamense Leaf Chiang Mai
Fusarium sp. PDB51 Al. malaccensis Leaf Chiang Mai
Fusarium sp. PDB113 Al malaccensis Pseudostem Chiang Mai
Fusarium sp. PDB114  Al. malaccensis Pseudostem Chiang Mai
Fusarium sp. PDB141 Alpinia sp. Leaf Chiang Mai
Periconia sp. PDB13 Boesenbergia sp. Leaf Chiang Mai
Periconia sp. PDB14 B. pandurata Leaf Chiang Mai
Periconia sp. PDB15 B. pandurata Leaf Chiang Mai
Pestalotiopsis maculiformans  PDB151  Am. siamense Pseudostem Chiang Mai
Pestalotiopsis sp. PDB197  Alpinia sp. Pseudostem Chiang Mai
Phoma sp. PDB11 Al. malaccensis Pseudostem Chiang Mai
Phomopsis sp. PDB12 Al. galanga Leaf Chiang Mai
Phomopsis sp. PDB168  Am. siamense Leaf Chiang Mai
Phomopsis sp. PDB169  Am. siamense Leaf Chiang Mai
Tetraploa sp. PDB9 Zingiber zerumbet Leaf Nakhon Sawan
Tetraploa sp. PDB10 Hedychium coronarium Leaf Chiang Mai
Unidentified fungus PDB1 Bambusa sp. Leaf Lumphun
Unidentified fungus PDB3 Zingiberaceae Leaf Chiang Mai
Unidentified fungus PDB4 Zingiberaceae Leaf Chiang Mai
Unidentified fungus PDB5 Zingiberaceae Leaf Chiang Mai
Unidentified fungus PDB6 Zingiberaceae Leaf Chiang Mai
Unidentified fungus PDB7 Zingiberaceae Leaf Chiang Mai
Unidentified fungus PDB19 Costus curvibracteatus Leaf Chiang Mai
Unidentified fungus PDB20 Al. galanga Leaf Chiang Mai
Unidentified fungus PDB21 Z. zerumbet Leaf Nakhon Sawan
Unidentified fungus PDB22 Z. zerumbet Leaf Nakhon Sawan
Unidentified fungus PDB23 Z. zerumbet Leaf Nakhon Sawan
Unidentified fungus PDB24 Z. cassumunar Leaf Nakhon Sawan
Unidentified fungus PDB45 Cu. parviflora Leaf Chiang Mai
Unidentified fungus PDB62 Etlingera litteralis Leaf Chiang Mai
Unidentified fungus PDB65 E. litteralis Pseudostem  Chiang Mai
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Unidentified fungus PDB133  Cu. ecomata Flower Chiang Mai
Unidentified fungus PDB137  Cu. ecomata Flower Chiang Mai
Xylaria sp. PDB161  Alpinia sp. Leaf Chiang Mai
Xylaria sp. PDB162  Am. siamense Leaf Chiang Mai
Xylaria sp. PDB163  Alpinia sp. Leaf Chiang Mai
Xylaria sp. PDB164  Alpinia sp. Leaf Chiang Mai
Xylaria sp. PDB165  Alpinia sp. Leaf Chiang Mai
Xylaria sp. PDB166  Am. siamense Pseudostem Chiang Mai
Xylaria sp. PDB167  Alpinia sp. Leaf Chiang Mai
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