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neighbor—joining tree WAZILATIYNIAT boststrap uReunfisudioya 1,000 As1 e
Tusunsy PAUP version 4.0 udz@wimuen data matrix @988 PAUP version 3.1 WU
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Abstract

Project Code: PDF/47/2542
Project Tite: Molecular Taxonomy of Colletotrichum Species  Causing
Diseases on Economic Plants in Northern Thailand
Investigator: Assistant Professor Dr. Chaiwat To-anun
Department of Plant Pathology, Faculty of Agriculture,
Chiang Mai University
E-mail Address: agppif06@chiangmai.ac.th

Project Period: 1999 - November 2004

The isolation and identification of Colletotrichum spp. from the economic host
plants in Northern Thailand was conducted. In this study, 88 isolates of Colletotrichum
spp. have been isolated from 52 host plant species. Study on the morphology of these
isolates found that they were difference in colony color (vary from white, green,
orange to gray) and the growth rate on the medium (ranges from 0.82 to 1.72
centimeters/day). Microscopic studies showed that most of the tested fungi produced
cylindrical conidia (3.00-4.68 x 12.38-14.34 micrometers) and produced smooth or
rough appressoria ranged from 5.58-8.22 x 9.09-13.75 micrometers. Some of the
tested fungi produced sclerotia but most of them were not produced setae except the
isolate from lime, However classification of Sutton (1980), most of them (54 isolates
from 22 host plant species) were identified as Colletofrichum gloecosporioides. Two
isolate of C. capsici, C. coccodes and C. lagenarium were found and one isolate of C.
graminicola has been identified. The other 27 isolates could not identified, thus, the

classification and identified based on their morphology alone could not be used.

By randomly, thirteen isolates of Colletotrichum spp. which isolated from

Begonia sp., Coffea arabica, Caladium bicolar, Citrus reticulata, Codiaeum variegatum,



Diospyros kaki, Euphoria longana, Limopium sp., Lycopersicon esculentum, Musa
sapientum, and Sorghum bicolor were used in this study for determine the phylogenetic
relationship. Total DNA of each fungus was extracted from mycelia and the nuclear
rDNA region was amplified by PCR technique using primers ITSS and P3. The
nucleotide sequences of the PCR product were determined in order to analyze their
phylogenetic relationship. The nucleotide sequences of 17 known species of the
Colietotrichumn  spp. (C. acutatum, C. capsici, C. coccodes, C. dematium, C.
destructivum, C. fragariae, C. fuscum, C. glocosporioides, C. graminicola, C. kahawae,
C. lindemuthianum, C. linicola, C. musae, C. orbiculare, C. sublineolum, C. tricheflum
and C, trifoli) from the DNA databank of Japan (DDBIJ) were used for companson. A
neighbor-joining tree was constructed by PAUP version 4.0 program using the
nucleotide sequence data of the conserved site of the ITS regions (used only ITS1). A
bootstrap analysis using 1,000 resamples of the data was carried out. Finally, the data
matrix was calculated by PAUP version 3.1. The result showed that the tested fungi
were divided into four groups. This grouping was similar to that grouping by based
on the morphological characters, such as C. glocosporioides, C. capsici and C.
coccodes, excepts the fungus isolated from Musa sapientumn that was identified as C.
musae. Thus, the nucleotide sequences of rDNA region was useful for analysis

phylogenetic relationship in the genus Colletotrichum at the speceis level.

More over, using AFLP (Amplified Fragment Length Polymorphism) technique
to analysis the phylogenetic relatonship of the fifteen isolates of Colletotrichum spp.
which were isolated from difference host species; strawberry 1, strawberry 2,
pomegranate, orange 1, orange 2, guava, banana 1, banana 2, longan, persimon,
coffee, orchid, sorghum, lime and pepper. DNA of each fungal isolate was extracted
and was analyzed by AFLP technique using EcoRI/Msel as adapter, EcoRI-A/Msel-C
as the primers for the Ist PCR and EcoRI-A/Msel-CAG, EcoRI-A/Msel-CAC,
EcoRI-A/Msel-CAT and EcoRI-AC/Msel-C as the primers for the 2nd PCR. After
analysis the PCR product by PAGE (polyacrylamide gel electrophoresis), a total of 154
polymorphic bands were obtained and they were analyzed by UPGMA (unweighted
paired group using averages) and parsimony. The result showed that all of the tested
fungi can be divided into 11 groups at a similarity of 0.7 as follows; the first group
consisted of the fungi isolated from strawberry 1 and strawberry 2, the second group

was isolated from pomegranate, the third group was isolated from banana | and banana



2, the fourth group was isolated from longan, the fifth group was isolated persimon,
the sixth group was isolated from lime, the seventh group isolates from coffee and
sorghum, the eighth group was isolated from pepper, the ninth group was isolated from
guava, the tenth group was isolated from orchid, and the eleventh group was isolated
from orange 1 and orange 2. Thus the result also showed that these fungi which
isolated from the same host species were closely related except the isolates from coffee
and sorghuin, they were identified as the same group. Therefore, the AFLP technique
was useful technique that can be used for identification of Colletotrichum. at strains or

culuvar level.

Keywords: Colletotrichum spp., ribosomal DNA (rDNA), Amplified Fragment Length
Polymorphism (AFLP), Phyllogeny



fTLNEY

|
1. Falasanis
2. getunsive
e = e -
3. anudanuaznnvesuminnisise
4. dagulsrasduaenisdin
5. szile 5
6. BN15ITY
7. pfunsRaNIMaand

8. afnantmaans

9. (BNEANTD9DY
AANUIN

A wes
nanlesuanlasinig

16

17

31

74

81

97

122



naTETlaaIy

1. Falasams: MR MUNTDTT Colletotrichum ﬁﬁ’]ummﬁgﬁﬂﬁmﬁmﬁﬁm
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3. anudaguasneesaninmmsiay:

Wanlu Genus Colletotrichum wouwsnsznelurialan Tnswwizagnebelmaniay
washaay Usznaumenguussdoniasdiauuu saprophytes Wde parasite (Agrios,
1997y Sadludanifianwddyatsdianimaesugi dawniudonaunages
T5A anthracnose wasfgfidhAnymaasugianatesiin Wy e usi9 usasne YU e
ByU ARIBIIET wasdls 1av asodmarefivldnnszezmandy fudsseziauennaan
whmamaiuinnands Taerdeldinalsalamiluls uaslulsaufy dnalvinondayesig
wsughomanif iinaussaunwanss  waslidufideinmaesamamasana sadiy
Hamifiddtyilunsdesnveasalsiing G, 2540)

msvatuuadanlunguil ldlasadednunesmdugine wu dneaeglss
ynsales (conidia) MsIWTRlNGl setae MisEITEINVEIBWUE (sclerotia) TINusiaENH
windaw uasANBNeTINIYas appressoria Wiy Tnemuisasaidan Colietotrichum Ul
Order Melanconiales fﬁaﬁagj Family (WeIAD  Melanconiaceae {Sutton, 1992)
anlsfenumssaduundenlunguiifiaiianudusy  nilussAfinduiuguunends
mﬂﬁﬂ"ﬂa@u Genus Glomerella uax“tus;azﬁﬁ'mi?mﬁ’uﬁfuuuhjmﬁ'amﬂ%aﬁi’ﬂﬂg‘lu Genus
Colletotrichum  Togwuidflean@naunfis 900 species fRETeNY  wazpBineiegly
Colletotrichum 11 (Sutton, 1992)

nnnsnwlunadvaefsederasdan  Colletotrichum wuindamiliianu
W ssssemdThmeRTed neAedanunia: species e RTdELsa
iinfuanaiuly Tusus@oniuwrifseideviisn oegnilanannnimile species i
¥ee  (Sutton, 1992) Taewwilulssnalnednenuinnufisedbseadandana
SN 1BU W2ai78 waznd iU NGEY Wz Ty 3 0 adu wnn aasawwed wWinlne



waw nsudisy dmdes dudien e Ua srawn uazdoy a7 (Uwus, 2535; Fe, 2536:
Sontirat udsAniz, 1994) Ieeffiwendueng  warimasstiadufsoduinmansly
Ussmennsouritis wu /¥t we NGB WNT WAA Wzasnd YW 184 dudy daem
miffadienaiililddeuiog fiudan Colletotrichum tutssmalnenisstirmumann
nensvasmerugnnihussneuoudun sedlon Feemmanunevasmeiugdingn
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AnuELIMIWLgnssuresdanAIng Lﬂmmm}’agamdﬁﬁaalﬁ’tﬁﬂmmfﬂmmﬁﬂ%
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fBUMsUUn species 383881 Colletotrichum 1Hnnfia 900 species  daanwud
wénunasiainam livnsanfasthunldlunissasuun iasnnliaansnasuean
funusseademmely genus 16 (Sutton, 1992)  Feldfarmwensnammaninasia
wiansauiaintilumsdasuuning wiv Von Ak Tull ad 1957 ldnsnumssa
fuun@anilly 23 species (Fawufinily 25 species) Far wavacuslud ea 1989
msaadwunld 49 species ludu  adulsimumsmaduunainandirifidadinnge
mlvlildsunseensiuoiiiars  Tasmsdaduuniildsumssausumnniigafiamsdadiuun
289 Sutton (1992) FwasiuunlessidsanusumsIzsneRTa R INAUaNEEIN
Fugninen Taenansodwundlenilldii 39 species Wil Ao C. acutatum, C. capsici,
C. caricae, C. caudatum, C. circinans, C. coccodes, C. coffeanum, C. corchori, C.
crassipes, C. curvatum, C. dematiun, C. destructivum, C. falcatum, C. fragariae,
C. fusarioides, C. fuscum, C. gloeosporioides, C. gloeosporiodes var minor, C.
gnaphalii, C. graminicofa, C. helichrysi, C. higginsianum, C. liliacearum, C.
lindemuthianum, C. linicola, C. malvarum, C. musae, C. nigrum, C. nymphaeae,
C. orbiculare, C. paludosum, C. phyllachoroides, C. psoraleae, C. spinaciae, C.
sublineolum, C. tricheflum, C. trifolii, C. trumcatum Wwaz C. (yphae Wlusiu
atlsAmumssaiuundindndrhitiihisiange  Snmanmuedeudilinadanis
UARIAANYDY  gene %amuqumiu,amaanmmé‘nymzﬂwé'mg'm"‘mm LATANINTUNE
wirneairde  Ylvdneaeaindaniinsuanmaniinldandy  nelifeanuduauly
MSIARIULUNEITY (Freeman wazAnue, 1993)

nngasialumssaduundiedy Ussnouduiden Colletotrichum wuniudanii
foreinnnevanetiin  uannnidmuihluvenderiiontin  awgndarndrianald
Wal species dneNe (Bailey udzAy, 1996) ﬁ”flﬁ'mﬂcsianm"ﬂﬁifluuﬂﬂﬁmLﬁa'ﬂmmtﬂ
wosiinadadasiamauunudlasiuida  Tasawsesadslulssmalnedadnesnumadn
ranesssdfanlunduilufisvaneniia Wy i du Sae nde 8y uzazne vhsvih
AU dlSe ayu .1 39 Winlne wiy (fiwus, 2535; Sontirat uasAmiz, 1994) udl 3
vrilnedundsfifenuduumeadon Colletorichum gonnuimil Taefivandeung
sialinuludndun seddan dulummmismstmnzandaiinldlumsdaduun  uas
Anmfsanudinusmanugnssy i maiunafiaduegdine nd@nwindudnune
madagninenifenalumsiseynadsuesadaniungudl Snhendhals:Teni wash
llgmmneusuilasiuidadenlunduiiogniils=angnmaay dalilusunen
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MIANNATIHANNUSTINUGNTTY (phylogenetic relationship) 18UFBT

Phylogeny ~MiNefANNduWNS  uassiolszddin1eddmnnnis  (evolutionary
relationship/history) #a38iFia ﬁ‘%amjmaaa'qﬁﬁﬂ Hufgsmalsediy (estimate) Tos
AedByan NanuurdMEING) WIDTPNANIINUGNITN U isozyme W3R restriction
sites 3D DNA sequence Lagthanufpudisy wasmanudwusmely viosswingu
voedeiiTindng  dwiluderniy  nefianea@inendidngerhinsdnedeaty
phylogeny vandandindnldmain nadr waslanuwiudnniy Tasmdelisfiunes
nsafeddaduaiosfialuns@nn (Takamatsu, 1998) udmstinaulyy wasTilsAuanly
Tumsnewui Sednanndamineule ueslisfuiuasnnnsusasionssurasdu
Faamnwindoaiiandwadanisudaiaansaidy  Thivkemsanaeufldsuisnuulaisu
vafianuAananagin Jaisurhmsdnsvieasaseuiididusasdiduelaense

Phylogenetic tree NA@TwWINEGLILavasdunile aunsalfidhusiosfialums
wienuduiusmaiannnisedili@Bameluai@d  uasansonauimnieniusses
neRensannms uasi]rymmaﬁnﬂ%nawﬁtﬁﬂfjulﬁ (Page wuar Holmes, 1996) las#
phylogenetic distance SeindiFinasnsadnnaldnninaumsdsusafiindy
fufiu Fedmidlumsanadis@iy win ribonucleic acid (RNA) (fasmnmsulasuwlasd
Aatussunngludrduiinedlalng @ vosfiu (Watson uasags, 1987)

msAnwmuandrinen

Tuihaidnemsdusgdinelddaniunumlumsdinm uazdfiadplsanie
athenerne wasfiualinfiesmansoihinysgndlflunusia g Idnadududidy of
Wy dmsisneendlilumsanaiivielie sasmshuunsiinsendammalaaiiald
agnafis@ndnm e wasierusiuthgy musehnlddomammainwes uss
anuduNUSMaRUENITY AasnwuRusmandlsnresdammaliadnld  anudanu
dladmdulasadsnnsmeaionmaivslenfaduiiramnuey  wasmsmna
Tsaflmanzan sumimainiulsaaenalisdninm  Junadadusndinen o
Blunuiumsdneuesitedulsefinde "Aluiawimang”

- ] - E] < A a o
Fduawmiamme (DNA marker) fafuAinmunemanugnsuniysnsnm
2 . [ . olebs w1 . e w -
masolimanuuandnszniddifialdenuiudasianu  Wmniunsmsedey
faamuuanmslusdugnssudimunsadienaalildsgnweld  ildaansoasasey
1 i =t @ A o b : A . % All‘l L '
ussnygeTuld  Sgmhanldiluedemnedssiidaredifiasneg Wullenfiniui



"wefuNABwe” (DNA fingerpriny laemafiadinangninanifesmnnlundseine
AuMaATILN (identification) BYNSMAIBY (taxonomy) vasdaiiTiashg = WUGAIANS
U533 (population genetics)  MADAILNITUSIURAUS (breeding)  M13321N@INEN
(epidemiology) ¥BAUTIN (Weising uazmmy, 1995) ﬁl,ﬁmaLﬂ""iammﬂgnﬁwm‘lﬁ’mn
AAUANUUANAITHIIR T Tin e daanuuaneanal

L e videgoudeluvasfiiduansesiunis  enzyme Anduwizans1 wia
o v P
AILHIN PCR primer 311970

= ar ) = o L] vl v o
2. dfiemsunsnnumdemeavieltissfidueanfumisn - enzyme  Aanme
o =3 o ’ 4:5 s 0
WAINIDAWHAUIT PCR primer 1119

o o o LT o ' o = ' o o
3. MIUIDIRBUBNAANNITDUADIUBILANA WAL ATIUINMITHINAWALIN
b & o < a ) AJ L .
enzyme #RTUWIZTIAY KIDAWNWINT PCR primer 4878

4. A5EeIaaLUFULA DU RITIeuRazTda

Aduaeiommnamusouildiiy 2 ngulvg 1 A Aduewlomnefldizms
DNA-DNA hybridization (§U Restriction Fragment Length Polymorphism (RFLP) uay
ﬁLé‘uLaLﬂ‘%mwmﬂﬁiﬁ%mwm Polymerase Chain Reaction (PCR) 191 Random
Amplified Polymorphic DNA (RAPD), Simple Sequence Repeat (SSR) udz Amplified
Fragment Length Polymorphism (AFLP) (Weising ugz@ifus, 1995) Wudu lasfdue
\WInanname Indnmanaaqulddasalyil

1. Simple Sequence Repeat (SSR)

SSR 1{u oligonucleotide ﬁ‘ﬂizﬂﬂ‘uﬁ”)&l simple sequence repeat %&Lﬂﬂﬁ’]ﬁﬂLﬂﬂ
é”uﬂ ﬁ‘ﬁ nucleotide ‘5’!'] AULSERI 2, 3, 4 uas 5 nucleotide U (CA (n=10-60) Wi
nrzremliuu eukaryotic genome waslfiffuaiamnalumsfnmansfanididue Tae
RPN G Ri probe War primer Tu hybridization fingerprinting war RCR fingerprinting
AINAIAL (Weising WRsAME, 1995)

2. Random Amplified Polymorphic DNA (RAPD)

RAPD {umawannaiia PCR Tasindneneaad 2 ngn ldun Williams uas

Ats (1990) umz Welsh uer McClelland (1990) lagld random primer (arbitrary
= o oo o | =l 1 e - Y J .

primer) tRgriia@snfivFnagudnuidue lrelihiudemnuaduwanidoala



. 2l9 v L4 » a2 P~ e P = = ar

primer NldTunagunining fevssanm 8-10 Hedlalnd lunsdifslusiimsSesioung

' w . o 4 o - oa o o v o=
wedauTuvegauiy primer nvanednaiaglnadumnna viadifiemadertuuieed primer
[ o (=S = v . w L. < < - o
wWhlusuiaslsifanantnues PCR  uddh primer whlisusumedidueluusnanlngiu

oo 2 & o o= - A o = s .

uaziifiamadminu i lviiisnandases PCR Wathwaniinged PCR fsnaninuenlag

. v a . . w = = P
electrophoresis 1y agarose gel URIBDUNIE ethidium bromide wlduoufiduefiviilon
Wiauaneunule (Weising udizandz, 1995)

3. Restriction Fragment Length Polymorphism (RFLP)

RFLP ({(udBnsdneluszavaa@ine lesvimsdadiduemesouladdadums
(restriction enzyme) TipulmiudasTinssramEumasIuWLf InMssaEmmeaday
weunusin: Tastsdaluduninei (recognition site) Wiy dedduwluiunes
fumzgnaresnzhlildfurasdiBuennaman  fu uwssmindinmswdsuwasdduses
waluduogedaiumedety  LiieshemmgladivarhlydudiBuedlddmnns
daraeulnidaiiwisivnauasstuuundsulll (Weising uasatiz, 1995)

4. DNA sequence analysis

DNA sequence analysis AansaTIamn1Geedisesdduwe [Junsfigedany
wonimunsiduelaean  Teemsuleudieunmsdesimussuanidsiafdudgsnay
posdBue wafildnnnisril DNA sequence annsavenldfemsiu/euuassassaia
%&aﬂﬁﬁmﬂuwamﬁnnmmﬁﬂ transversion, transition, silent ¥50 selected TO4EY uazddly
Hurdnsiassdl nucleotide bias lasfinammesnifildnnaaliifimmainn  usan
wsatihmnuFeudisuiuldlasas usnnniiFayadnuinedlalndeesd TunddiTianare
#fin sunsndumldnnenasfiiuwuanuidelunsasdigg w3910 nucleotide database
Fuilugndayarainaeiifionurmndaduiiadlalndnlafigaenuld W National
Center for Biotechnology Information (GenBank), European Molecular Biology
Laboratory (EMBL) ugr DNA Database of Japan (DDBI) (Takamatsu, 1998) msld
maiin DNA  sequence analysis  lagninmnislumstuuniug  siiaimsdnman
AUNUSNINUGNTTN (phylogenetic relationship) yaudarwanen iadudunsinemse
aradaulusraurdduelasas  Aldnansansgouriomsdnunlndifeatuanuiiu
Fannfige

Nuclear rRNA genes (rDNA): é18ULLoU8d nuclear rRNA genes 15lun5ia
s o ) s ctore = | E &
NuunuazAnneanudimusmaiugnsaresieliiie Waswmdudiulsnaufinulaenaly



TuraduasdsiBoussdvnumdrdnluged dmhfiduamsy RNAs lopass dnfums
wWasnutsideiuly NA  ewdunefifeninmademsiianmssesdTuntmualy
Raiiiin (Edel, 1997) nguwes DNA wuldly nuclei uar mitochondra Usznaude
gnuvitisfiisly highly conserved uge variable @M nuclear rRNA genes ¥aadasi
dnvosAidumheiGema defy Hiliveeipegareiluy mduwaidudumiseying
QWU large subunit (LSU) 4@z small subunit (SSU) Faludiures subunits Tl6f
fmanlldmenudmiusaninnguyesdilidinluszdy Orders udr Kindoms ludadl
Fianwan eukaryotes (Duncan ufz@AQz, 1998) wazdeIUaEIUR T LA duv
spacer region %ﬂdﬁuﬁﬂgizﬂ’i’m subunits 9¢(58NT Internal Transcribed Spacer (ITS)
uazﬁagis:w:mnfjnﬁu (gene clusters) 338071 Intergenic Spacer (IGS) (il 2) Falu
@ spacers  weimunainnliansimanudunusaninguundadifinlussdy
genera WAz sub-species 16 (Duncan uaz@giy, 1998)

rONA cluster
[rm— s et o m— ¢ S smm— ] -

Primﬂ 3
Nuclear Small rDNA Nuciear Large rONA T
16-188 25-285
ITS1™ sz IGS A
region fegion region
Primer 2 Primer 4

w2 lapsunsuuaamiinesad rDNA repeat units 19e ITS @8 Internal Transcribed
Spacer uat IGS @8 Intergenic Spacer (Mills unzatuz, 1992)

Hgtuldinmslitayediduwmes ONA TumsAnmanudiiusmeeynsisy
uazAdLLsMIRLgnsTutaa e waesiingu  Neurospora (Taylor ufsfms, 1991
#ilae Bruns wazAtly, 1991), Fusarium (Waalwijk ugzanyes, 1996), Powdery Mildew
(Takamatsu UAAOL, 1999) 33Madam Colletotrichum (Freeman uszAguz, 2000) lag
{finefiafiiFond’ Polymerase Chain Reaction (PCR) TumsfisnSinama: (DNA @59
Fuvis ITS1-5.85-ITS2 nidananiensimadiwa waziBeufisunailldie
#5149 Phylogenetic Tree wazuannigafimslsteuasduiualudiu mitochondrial DNA
(mDNA) Fswuinusmumisifianstuutlsresdaviuainoniiludumis subunits uaz
Tevhunlgaghanfespnelunsd@nmnanudunusssnineed®id (Bridge uaz Arora, 1998)



war/v3e ssvnlssmnameluai®d (Hirata uas Takamatsu, 1996: White LAz AN,
1990; Peterson, 199])

Internal Transcribed Spacer ¥isa ITS region (Bridge uwas Arora, 1998): ITS
U3enaudmIBAIunLl non-coding variable region 2 @AY %a%zwuag‘luwmﬂﬁ% 7
929 rRNA (mwﬁ 2) Tﬂﬂﬂhﬂ&jiz‘l’l’j’ld highly conserved small subunit rRNA gene, 5.8S
subunit rRNA gene U@z large subunit rRNA gene wuRmManeaauwalusdon IS
shmsfeudsuiplflumseduun weefinmanuduiusepadonwmeriingomn

1. #mnadn (500-800 bpy MldmansainSinm (amplified) l@hedemadia

PCR laeld universal primer fimsgadeifienunsofintssaio DNA assduwmis ITS
° o . . A e o s v
wazeunuandy conserved regions $83 rRNA subunits gene ol auLuals

= ] tr A o [ > o a v ol s

2. fingnmneipegaluniiaged MivhelumsdenBnn leefiuia:fidete DNA
o w = e ) A a ar ~ o s o = W
by viafidinglawadNssinnana DNA tae Adimusaindnmle

3. @WUWEYEY gene B3IEWMLY ITS 12IdNTIndwmenug WiaaeaUidiu
e ar P sl = s &
ssfanuduetgs  viamnnwaNzansalilumsnime  (estimate)  AMMFNRUSMA
s Q- ) * & aLs
WLGNISN UBzNISTALLNGY TIMNINSARY MY phylogenetic 16

4. M358 ITS-probe ansarilaizd Tealuduiludasll chromosomal library
U e - o e o ) & 5 o e
wazinIneeaniarsauianaiauwanndumis ITS felfiily probe wmzddy
= A e _ =l = L2 . ar 1 J
waivaegafimiounuluallfididedy uazaniulusswinalTdeadon

= o e Pl Q’A a at A2 J
MTPUATIEREIRAUEUY ribosomal DNA (rDNA) Iutﬁaﬂmmﬂszmﬁnmﬂmmu
- ) *r o ar v 4 ar L]
fo welilummesuunden  WumsAnmanudmusmatugnsseadan  uanh
L ‘J s A L]
soyanldliszendliluoudndug seld

5. Amplified Fragment Length Polymorphism (AFLP)

AFLP  dhunefiefiiisafestunisfnmaefavddunsesddida  Feoudy
QouvideTiinunnees genome Wit wasdudauannin sufdaiBaduifienuiudauas
genome @ 19U dad iy wywd laelidndudpiidoyaresdduwEes nucleotide WMDY
(qsﬁ’nﬁ, 2540) AFLP \ilunaiiafivansiulay Zabeau waz Vos ufl 1993 {ums
NANHAUSSNINATA RFLP uas RAPD 33 polymorphism fildasdiuagivanuunansing
rosdduMISmMrenumBndigndalay enzyme A% uar additional base
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= @r ° A e 1 o <
WHaUNY RELP uazyhnsasiadauuanlasis PCR WU@e10U RAPD AuE1ILRTATIM
° o] e | o 2 wrc
TUWIBOINSUB TN IINEaRIU  condition TMIzaNEas PCR  vlvinanmsnaaaifilas
) - & ° - & -
ansindate Tastunaulumai AFLP § 3 su@e (Vos uazAniy, 1995)

1. MMsAa genomic DNA @78 restiction enzyme udsea3ufiduadig adapter

- . - oa Py P a w . e
2. @@n amplified ABWBLNTUBE I INz@slnald primer 14 selection
nucleotide 1usIAREaN

oM s - don X
3. il electrophoresis AT polymorphic band WaaYyy

Enzyme: MA@ genomic DNA lunafin AFLP fisuly restriction endonuclease
2 wiialunsdade sHeflimuntees 4 @i (frequent cutter) uasAfiafiNs UM
097 6 PN (rare cutter)  (HBINMIAATIY enzyme apifinaslWBudFueannni
¥iiadien msly enzyme Afdunminad 4 wes 6 WawnnsdadseulsdRifumis
w4 sl ssliiuddueitiumenn  weslsnadnmmnsfisnhluasswenles
polyacrylamide gel electrophoresis ualunsdiiismnuuavddueunniulyennesrali
daenuduaulunisinsoaniayn useaiWiAn smear band 3 Tadaaldiaulming
AWKUIAT 6 @i"]Lmu'aLﬁﬂiﬁ’maﬂﬁi"lmuﬁvuﬁLﬁuta‘lﬁéw@iamsﬁﬂ'ﬁmiﬂga (Vos uas
fAtus, 1995)

A L) n e v =t s L o PN
Adapter: adapter NUNNADNUBUADUBNAIVINONAARIY enzyme Wy specific
) o a . ar -t 'Y
single-strand oligonucleotide adapter TIHATIHVUNLR TN Lﬂumaﬂﬂnnummmm
a ' R ) . G w e ° ] v oo oo
HILELUA LS restriction site U4 enzyme nlfan adapter ﬂzgnuwmmanuﬁumama
o ° . ar . A o 1Y . . P o a
tp i dudunida v primer NaUINMZAEIRERNTY  MS design wiafivzinan iy
=4 & W oo L. . ol ° = e
adapter 950AMUFWNUBHU condition reaction Mldlumainl{aiesn PCR (Vos uasanuz,
1995)

Primer: M3L@0n amplified @W1EN fragment luinafia AFLP vi7léloals primer
5 selection nucleotide HGIAREDN Vos uazams (1995) IdaBinedinlsznauvas
' ' = -
AFLP-primer lagutiseandy 3 @ (nndl 3) fa

CORE ENZ EXT
EcoRI 5-GACTGCGTACC AATTC NNN-3
Msel 5'-GATGAGTCCTGAG TAA NNN-3

A 3 daunlsznaunes AFLP-primer
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' P ] Y - )
[. Core sequence (CORE): Li‘lumuﬂagmqmu S'-end ¥8Y primer (HuAULNL
Niueedauny adapter Y1# primer sunsadnlusvuarmisiuiuasnesinizgizes

. ' g
2. Enzyme specific sequence (ENZ): Lﬂumuﬂagmmmwm primer 1y
d Ll Ad . @ o 1 L34 A e s
Funtisiiwagauiuiwniifaeas enzyme Aldwa genomic DNA

3. Selective extension (EXT): Lﬂuﬁauﬁagjmaﬁm 3'-end 9839 primer 1Ju
FULITMadY selection nucleotide Halden amplified W zABULINGY Madon
Wi nucleotide Tigmifia 1-3 wa FupgLanIaYes genome naIBETINTFuMS
naass Taemafiu nucleotide wilidiazanusnansouduiidusld 4 wihda Tunsdd
#0818 genome PUNAENINA MAFN nuclotide (el luusias primer feanad
zuamsanuuanald uilunsdifidnen1afi genome vwAlngianadiaadin nucleotide Be
3 wluusias primer

fagiuiimaimaia  AFLP  wld@nmianefnndduelufdiiiesnss  wu
oo e o - & o
wwafiGe, Fan, a7 (Arthopode Waz Vertebrates) washy snnFudiuddy (Mueller uss
a ' a
Wolfenbarger, 1999) L{inannuanac1a aail

=, Aa F=9 E=Y Gy . ol ol dd ar *r
l. AFLP flunefiaffidssinBnwgeannsalddnunddiBiendanuduusgale
17 . P . . . .
nime i warsev9alBd ( inter- and intraspecific) (Majer wasAtuz 1996)

2. AFLP Jumediefiindeda Sanufianaatos darhnmmeasiseswuig
ANNAARLAADTBIN mispriming Waz scoring error Wasna 2% Jones uasAgusludl
fA.e. 1997 (819lae Muller usz Wolfenbarger, 1999) Tmmaseiily 8 waslfuans
Tudssneuonglnl wuhfuondBuefuandudufiss 1 wornanue 172 oy Al
AFLP marker Suilumafiafifianuiianaiaiiasninnsmanasauasaondi  (Between
—laboratory error) 128N 0.6%

3. AFLP safhumafiafiisiifuedmednluBmaiosann  Sanmmasaaves
Rosendaht ugs Taylor (1997) wuhmmm‘lﬁﬁ;ﬁmmmﬂﬁa spore #84 mycorrhizal (és‘l
HAdueYsEnnn 0.1-0.5 ng) nthildidemefiuddisunlasldinatia AFLPlA $slas
Mueller uz Wolfenbarger, 1999)

PN v o e | v .
4. AFLP Wumeafiefilfvartumsviniee deswnlv polymorphic band wnty
UABENITNHADI
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dmfuanumnzanlumsdanldinatianmesn@iinet lunsdnsenudamusma
@t o doa U L. wr = o o
HugNsTuedliTioul Weising unshor (1995) lauSsufisumatianiendiinely
=3 - =t N e A
nMsAnmaneRianAdwBa e asuaadlummen |

.=J = o = & s o
sl 1 ulsuifisuanumazanssanatianasgdiinenlumsd@nmanudumiusnig
wunnasulussAla1a (Weising udzane, 1995)

Technique Genus Genus/Species Species
Sequence conserved genes + +H- -
cpDNA (RFLP) + =+ ~(+)
tDNA (RFLP) +H- + +
Sequencing varialbe sequence +- + +-
Nuclear DNA (RFLP) - + +
Allozymes - + +
PCR-based fingerprinting - +H- ++
Hybndization-base fingerprinting - +- +H

= - 1
WBLAA: ++ ANZANAGR; + RN, +- MNZaNUNNail; - lumanzan

PnUsEnsnwisamaiiafduaiismunedifldnaand  Sehbingiuniily
nufuayninuuasiaiuun@enetuurivats  nswmeiu@anilumusaduun
siinldasndnion wiu denluana Colletorrichum  uanimiusuianlddnmany
funsmawugnssueslssnnads  wasanavanmaETIRugnTnla e lsafy
wolfiffudayalumsmunulsn W msmaueulumsilasduida  wasmsdmdanws
@ Wusy (McDonald, 1997)

a « L =y lJ t" =k
dmdumsannluden  Colletotrichum  lasldinaila DNA  ieSasvuneiiil
o A J
Nneuneaqllansi

Johnson wasAtuz (1997) vinns@nw Colletotrichum Sp. mmmaa'['iﬂuauumm
Tualudy yellow water-lily (Nuphar lutem subsp. polysepaium) luauism wWheudeuiy
Li’ai’l C. nymphaeae ﬁuﬂﬂlﬁmﬂ Nymphaea alba udz Nuphar [luverum ludszinauay
yInilaeldinalin RAPD uiahdeyadldlifiensvinuiumsdnydnsasmadognine
wuhienuuandurin@aniwesaduunmun Satiliiuadddmife C nupharicols
wanINgl Sicard uasAmz (1997) lfnefia RAPD @nwenuduwlmiugnssusaude
C. lindemuthianum ewalsauauunsnlualy Phaseolus voigars wuhansoutalédifu 2



13

1 "0 o o . 14 1 =
NAUATNUNBINUUARAB Andean centre UBs Mesoamerica centre Tﬂﬂﬂaﬁaenqmmmm
amnsalumsdniasusssaenuglaneiu

NeNuMsAnIden Colletotrichum laelfinefin RFLP iy Sreenivasaprasad
udzAnE (1993) Anw ribosomal DNA (rDNA) ud: mitocondria DNA (mtDNA) 483
Lﬁ,ﬂ’ﬂ C. kahawae mmﬁj‘ﬂﬂﬂiﬂ coffee barry diseaes Tuuasm uaztﬁvazn C.
gloeosporioides fusnldnmun, sliala uasnzitlunanelsuna Toeldinafia RELP
wuihdan C  kahawae winmudluwewim  uwsewoudiBueuanssnden  C.
glocosporioides  nmMunfugnldlulsemady  winduusssenudimudinddady ¢
gloeosporioides Mnalimlaluszmaiinfuaud aadt € kahawae PIMunluuawsinm
aszifanndandududinmeRrerderiody  uasdpniiniusmeunsrushae
mudldlufign  lusnsl Hondson ussAne (1993) Anmenwdimusvendan C
gloeosporioides Auanldnnalaala, ndae, wrasne wasnza Auenldluuwassneg 1
Tan  9nmahdw DNA war mtDNA w1 RFLP wudl @emeinfgenssiaiiad
DNA 8z mtDNA fuanouffiueldaeiy wssluoufduesfuanianudimusingda
funnivludenfiisnnnfindsduasinnussndendy snciufandiuenldan
w39 JuansuauABueyas tDNA banding pattern WUAUNY uAzll mtDNA banding
pattern findheadany uanslwiuindenusnldnnusiaaidnuuenaiugnisufiadeny
{genetically uniform) mlvmedinden C gloeosporioides Ausnldinusiamanuaiin
wsfidufidiamnanundadieani (single source) Jasiasnlduninszasliiialan

mafin  AFLP  fifihanfnmmenudunusmenugnasmnsdelidiaceg  dil
Folkestsma uaz@fiz (1996) lfinafie AFLP anvgpudnunelsstnsyns potato cyst
nematode  WUTEWISOTIWUNLS 987 marker loci leeld primer 12 § Qi uszAme
(1999) Idinafin AFLP finsueufl gene vostiunfiadmenius RIL 398 gene QTL
fumudamsidvhaeyeaden Puccinia horidei isolates 1.2.1 #wi1 gene QTL3 &
anumumusalsaluszesdund? uasr gene QTL 5 fHanwiunmusalaalusezdula 3a
ihanuiildnafafisdnumudslsn  ONeil uazanz (1997) linafia AFLP $1uun
silidvandan Colletotrichum sp. Wammawailsaouunsnlualusadarh dasnnli
masosuunlrelddnsasmisdugiidneld iwnedidnsoramuieiiusenin ¢ aifolii
was C. gloeosporioides WUl Arl-Nw uaz STRR #a C. trifolii uar C. glocosporioides
gnuael  warlulideniy Gonzalez uasAmiz (1997) l@dwun C. lindemuthianom lu
Yminewuniln laelfinafin RAPD uaz AFLP uBaudisudu wudunaiia AFLP &
UszamBmmannnd1 Taeida polymorphic anniuasenansedasuunnauld@iniy e
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P = v e . o o oo
mennarefianfduehldlumenudimiusmelualidd wondefifivmaniuidies uas
= a a =l wr =l U @ ar J A | J 4 = r 24
nedeRus g IRl dimusindadiannnhiifiuinansiiiufl Wiennsewug

dmsunenumsandan Colletotrichum laglfiinalin DNA sequence analysis
lAun  Sreenivasaprad uazeyr  (1992)  AnwanueudslumsGesdvesdrduuaiy
funl ITS] wasAnndunusssnig @on C gloeosporioides, C. fragariae waz C.
acutatum Tped@erma 3 aildd (JuBommaraslaweuunsnlualuansawed  dom C
gloeosporioides Wdz C. fragariae UGNz conidia WO appressorium AMENY UAT
SN saieliaf setae wazmsdaeRTedEEiY  daRnsonendnus
arwswlimelusii@dunadan € gloeosporioides Yiimahdnsazawuanaafing
Tudarmimenddd sududssdnuasauduulsmeluaii@drniu SevihnsuBaudiou
maFeadeiiualudiumie interal transcribed spacer (ITS) luduwisfi | wuihden C.
glocosporioides udz C. fragariae HimaGeadainanufies 3-7 wa wasdimhdarmases
aEdlReudsududon ¢ acutaum wuhinmaGesivesuaseaniufis 36-37 wa
iathuamamaasssinananinanuiudnsoenedugninedun  hivalddgen
C. fragarize WNazQnenividiuiies subspecies Wililual3d ¢ gloeosporioides win lu
youzfl Brown wasAms (1996) l@sasuundas Colletotrichum spp. ﬁﬂtﬂﬁf‘iﬂuau—
unsnluaaindy Fadidnwaemadngnineuandeiulyl Tasanunsousnld 3 ngada Fast-
Growing Orange (FGO), Slow-Growing Orange (SGO) udz Key Lime Anthracnose
(KLA)  TeslfmsGesmsenuslusumia  I1TS1 afsudfsuiudeniun Tuana
Colletotrichum W1 FGO gnsasuundiuidan C. gloeosporioides, @1y SGO uae
KLA gniasuuniiuidon ¢ acutatum Frusndunndisilddoduunidasmi 3 ngudh
C. gloeosporioides Nivue

Sherriff uaspnr (1995) lavhns@nvuBeudfisvdasuiualudunus rDNA
internally transcribed spacer 2 (ITS-2) vouden Colletotrichum graminicola finalviAn
Tsafusnalng, $199 wos Rottboellia WnBusiindudenauassiin uavinnmmaans
wuh luudesngursimenuginadelsaduinine nguinelviAalseiudnma uasngud
naldiialsany Rottbocllia Hanumilouiugy (98-100%) yrusfianumiautusswing
naNetmeugan 1 Wy 92% uasiilovnden Colletotrichum DunmimsuRautiiey
S mewugildnndninadianuuandaninmenuginnnninge uas Rottbocllia
Fanammesssiiteandasiudnuasmadugning  wasmanugmasifreiinisdnmn
oy Seanlldhmewuduesdien Colletotrichum  AralwiAnlsatuinineineaiiy ¢
graminicola ‘Ilfuzﬁﬁ’lﬂwwaﬁu’ﬁnﬂﬂ"l')ﬂ’lﬂ ez Rortbocllia WU C. sublineolum
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J L] L r-Y = 1 L = o U
wanandl dxiinsaunisldnaiionandiine swdumsuBeudieudduwaly
o ' A w oo e o o
AunLia ITS (FevAiuun uasdne phylogeny oudondu 1 fail

Ospina-Giraldo wdzAmiz (1998) TMASUATIEWAWMLIWELSIN  ITS-1, ITS-2
uoe 5.85 tDNA 183 Trichoderma spp. 15 mewug lusnnuilll 6 mewugidnwuily T
harzianum 533 4 biotypes (Thl, Th2, Th3 w8z Thd) NATFANIWLI @X15owLIa e
iy 2 ngufluanseiu nguusnisznaudie biotype Thi, Th2 wdr Thd woueRBnngy
Usznauae biotypes Th3 uax ﬁWHWuﬁ:§U?JE]d T. harzianum [/ atroviride (sect.
Trichoderma) nuwasens 1 mlan  Thd Senudmudinddany T harsianum /
atroviride %&aaaﬂﬂﬁﬁﬁ@a@mna"ﬂumwm conidia W&? T. atroviride uar T. harzianum
fanulndiBeaiuan  Mldwunfionaaews  PnmAenzitayasauluenaud
biotype Th3 Aa3deatlu T. atroviride snnniWesiiu T, harzianum

Anderson uazAfue (1998) ﬁi'lu:unL%'Vaﬂu,azﬁnmé’ﬂmuzm&ﬁ’uqnsmmm spore—
cyst ¥auBBT Ascosphaera spp. 20 species lasmaiansviawuAduevendeon Tu
Fumis ITS1, ITS? uae 5.8 rDNA damafia PCR lasld primer 2 1iin Tafidwiwa
20 W wdmhmsuBeudisuddbwg wud @wIsauLi Ascosphaera U 4 gy An A
apis, A. aggregata, A. atra Ud A. acerosa Wiatniansimanudunusvsudennail
WUI1 A. acerosa Wt A. asterophora NAMMWIBUNU 98-100%, A. atra udr A.
duoformis \WNBUNU 100%, A. aggregata, A. subcuticulata, A. proliperda, A. solina
WRBUAY 32-69% Wz A. apis, A. colubrina, A. flava, A. larvis, A. major, A. variegata
uds A. calarrima Willauny 44-61 %

Kiss (1997) ﬁﬂmmmwmn'ﬁmamaﬁ’uﬁnﬁmaaLﬁvﬁm Ampelomyces Faily
hyperparasite 38957 W139110U 46 isolates femslfinafia Restriction Fragment Length
Polymorphisms (RFLP) Awsevasduwis ITS Taerihnsadafidueendsn aind
iRduefiadaldhufuBnamsduni ITS #1815 PCR udihuanda PCR #ildun
Aeneidae RFLP Taeldaulmigasimesiuiu 20 siin wuhewnsoiuundanmail
&iffu 7 gy Tae isolates flagiu RFLP group safuavanuluaondl@enduls uaswy
vudaruilaly species W@eaiugns Family Erysiphaeae fdnvaneuy host wienry ¥
MIATIIABLMANNUANEMUNUgnTTNil fralimansasuuniBan isolates F3 1 1D
18Uselemiludiu biocontrol fialy

Jasalavich wasemue (1995) mnsansuiBeudsuaaiiualuaunis 185 RNA,
5.85 rRNA uaz internal transcribed spacers (ITS1 uas ITS2) ‘lladljﬂ‘i'l Alternaria Nl
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aunalsnwpafisnssna crucifers UNBUME Alternaria brassicae, A. brassicicola, A.
raphani, A. alternata u,ﬁzl,%ai’l Pleospora herbarum wuiaauwalumunids 5.85 rDNA
¥0UTaN Alternaria 4 4 siiafianmumilauiy uandladioutudon P, herbarum wudl
SrmAe 1 waieedy dnsuaduwalusumis Internal Transcribed Spacer (@
W 1TS1 wohfianusduulsgamadsuuauasanuen  suwalusmumis 188 (DNA
ﬁtﬂuﬁuaué’nﬁﬁﬁmmmﬁaqa (highlty —conserved) udniauuangvaggmuly
genus idnei dmsumslieneiaTdMuSIIRugNST (phylogenctic analysis) 1ag
1i8ms parsimony W&z maximum like lihood WiI1 @MITOUENANINUANAITES genus
usz species ADENTARL maINMIMARBIATUT {Ha Alternaria Nauafivmsdnwd
anudunusiueatlnda waswuindenly genus Pleospora SanudinusAingdariy
genus Alternaria 3NN genus Leptosphaenia

mnfinaan ssdiuideyaildnnmsdnmaduwaludunis 1S Taesns
se luwaen mmesssiu  TanmwanzasminsolslumsAnsidetunssadiuun
pumimsinsdgiuanumusmaiusnndungalsmnnseadandu g Tdidused
wassnnnlfhadunsAnsiumeianegdiineduq 16 mlklddeyemingsfio was
duftveniusemndie Felunmmeaest  @deldhmeiiamandduualusiumia 1S
smfunalin AFLP denfBouifisuanudunusnunugnssuenden Colletotichum
wenldinfioessgioinn  luwameawiisraslne  delvinnudsenudmnsmelungs
Wondinan

4. TagUir@srsImIAnm

= =4 o | <
. Rusumn usndenFand wasiaduunsfiadeAnmanumainsmeyasenenusyos
J d =] = 4:‘ o Q. or or
\do5 Colletotrichum spp. Milluannglsawsiimamgianddgluwadimia
mawilozsslszinalng

2. @nwenudunusnianugnssneasdaniu Genus Colletotrichum laenfiauifisy
gAualufIun internal trascribed spacers ITS 189 tDNA  Siufiunailea
AFLP iamanudmusmslunguianding uwazdadwunlaonsas

Fhylogenetic tree



5. sudevitias
5.1. mafuTnudan Colletotrichum spp. waN1IANEENBAEIE G NATEN

mafususnden Colletotrichum spp. s nfiwandorfinsnen lusamamile
vowsznalng  Taemhdousien  seefvfuansennsdulsanuenivldidoisanisuans
tunwil 4 (Agrios, 1987) Lﬁﬂlﬁlﬂﬂﬂﬁ’lLﬂ@jt‘iﬂmuﬁ’ﬁ&ﬂm’lﬁ’l single spore isolation
snasudRafulidy stock culture oy wsnnnildtldRndeveden Colletotrichum
spp.  MnanmiulusanlsmadoltlumaBeudioy  ndinhdonude: isolates 9
unuldndsmuems Potato Dextrose Agar (PDA) figamniivas (ca. 27-30 paen
waded) dum 5 Ty dedanmaiydule wastufinanwaslalald  dwiunmsd@nm
YN UATANWNEYAY conidia MABAIU appresorium YNMSANWIUUN slide culture laeld
819113 Potato Carrot Agar (PCA) NIHN13UBY Sutton (1980)

?n 41mhnﬁ'u \
Aaivoufa g
— —b
@ ‘/’ MIuuLINII

Anidulin  dalvvinanudedhlse aulr luvudsado
uadliihulsnurlu 10% clorox
mwmum,muﬂn
ﬂ‘ﬂl‘ﬂllﬂ')

d o
d o y

suruAneen o “"i‘""" umwonnn’mnummuunuq
My luaman q fu saafaido wuewmnlusnidnas el

J o £ .
mnfl 4 mausndeudansnniatidulsa (Agrios, 1978)
5.2, msANEANNENUTIMIRLENITIMBATaN Colletotrichum spp. Tapandainen
o ot - A e W
5.2.1. nmeanadduenndulaseudonuasmasnseuqumndiiuenanald

= a = wr ol
5.2.1.1. madsudulsnelslunsaiadidue

o ' =y
wiidanuda: isolates wuABluEMNT Potato Dextrose Both (PDB) lu
flask wwe 250 Aaddnsmeluyssgems PDB Usann 10 $088a5 (299N flask
= ol A v J o v ot oo v
dssinn 0.3 wwfies) Wunar 1-2 Fu wnlfidulenamnoniieshlvenadidueld
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) mafununudulaeudenlsensasenuniseynies Whatman wad 1 819
wuledeihndy (fnsindeud?) wanen as wuilvidulsszoralifionnlaluey fis
Vinudulourts 16 forceps Audilonnualulng eadafidueiuiviaiiuldgmanadin
ﬁﬂﬂ:ﬁuﬁqmwgﬁ ~20 asenaded sunisianadamauelutusall @ansoiuld
Uszan 1 @)

5.2.1.2. asanaadum

idulefdununuldinaiafiduenaidees To-anun uasAm: (1999)
laeld buffer 2X CTAB (1.4M NaCl, 100 mM Tris-HCI, 20 mM EDTA, pH 8.0) 1u
msanaddueiiininmsde Tutuusnesderhldizad@omuandielwasdisznaudeg me
lwwadosnin FuumeuihhlalaemsundulesmnuluTasnumar@oiuluss wewn
viRsTmstissamedaugadfmsmsinian  CTAB ialvaduegnlamldesaaniioe
lumsazans  buffer 7imMs EDTA  fustieilseriudduelilionharedeweled
endonuclease %& EDTA ﬁlﬂuﬂ’l‘i chelating agent ﬁﬁl:l.‘fﬁ‘aﬁl‘l_lﬁ’u Mg2+ ﬁt‘i‘ln cofactor
vaauley nuclease sanaIuasiinarheuleiilisnnsorionld aniufadalysiu
pananansazane@due Taeld chloroform ¥38 phenol MAWENMIANENTaNIna
suasunisatemiueladidaluil

7] el k.2 .
Jumaumsanafduenndulevesdan Colletorrichum spp.

LR ar Y o w wr e ')
| sahminvasdulpdanfdamsaia@iiue (ca. 0.08-0.3 n3w)

-

o . P 1 %’ k2 = . . . A 1 a 2 o s
svduleldlnssiausingoudy (n liquid nitrogen (WelWimadunaduloudads

B

nmiuualilunesden

3. minsfalilgomaivieuiladiatnaGunasuazaeisdin 2X CTAB  buffer
(duFnm 10 wheashwinidule)

4. audneniwdniy  odulemsadenfuaesdoaudait buffer) eldwana
centrifuge (¥ 1.5 Gadda7) hllduinamail 65 asenwades Huom
10-30 11

5. \fin chloroform : isoamyl alcohol (24:1) semlviidhiy sildawiigamadi 65
atega@oa Huaa 30 ndl

6. Wlimsundng (centrifuge) AW 10,000 savdsnd (Funa 10 nfi A
gouvindl 4 asenrades

7. @AYAANAIHIUIY (supernatant) ldvasalni iy buffer 10% CTAB uanld
driudnhluduiigamgil 65 esmwadoe Junm 10 wfinmiedy
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chloroform/isoamyl alcohol (24:1) wawlidniu ihliguigamail 65 asen
wadsa \Dum 30 wif

8. liwyuwisfiaonady 15000 sausiond Juom 10 il feamnd 4
asenuafies NuTMTaIaIFIHUUNE dnaanlnl fin isopropanol (auwgil
-20 asmnwwadee) wanlidiy Tuuilsduessanasney

9. 1iATeY centrifuge MyuIIEIRALEI 15,000 ToudoT fignmgi 4
paenaided Wune 15 udl

10. maamaIdILL 1INiuds 70% ETOH (ounnil 20 psrwadea) 1D
danznaufdue

L1, i eBaa centrifuge wyunlsaiianud 15,000 sousownil fignmpdi 4
asrgaidea Junar 5 ui

12, tnspamadNLuf AlmasauunsewiivgRial i

[3. s TE buffer onsmenznau dasnauasmeen wialuazmelihlugud
aomnil 65 asmnwadea aemanraedduefiataldlaveen hldiuldd
aumndl 20 ssealdea wesemahliamegaudalil

5.2.1.3. fsnaauuamsanasbuealsadanlasiwida (Gel Electrophoresis)

A. MSETENLHUBEN 1A (agarose gel)

wRnern lsdwaluty 1% laedwemlss 05 ndy wewaelu 1X TAE
buffer 50 fiaddns  nanhlmaauaraisly microwave I lstazaIEIUNR
tapgldzmilsmbuay  @omgilsznm 45 asmwaded  udrPunfuaslumawaldl
anmavussang 0.4 wuiwes nnuusdldwinumedmilsainiaeadialiiatendn
(well) pldma dassmisaudwudidemmisanudnnlividualasiWiianaly

B. myaanalasinida

° L] A =) - 1 = a4 ar ﬂld ]
inukuszmlsafiwisulinsaslunassdiaalnsinita lagladuniiges

° ar ) ' o b - v vy ' oy
dviimeoaniadeedlnduiay Ay 1X TAE buffer aslunaaslévianueiupzmlse (4in
ynsazmlsdadle 1X TAE buffer iszaniu 1-3 dadwes) waw loading buffer i
=t & oo s w . = a =
asaratefeuenfainasrseu iy Taeld loading buffer | lulasdas wawit @
= Y 1% . . ' 1 ' @ ' =
Wua 5 lulesdesudald micropipet gaensazmedann ldasludesdiagiesesnmisad

=4 wr ' = o - e o . L) = 14

wiould  Tadhndswasladiadiadss  AduwwsedauiiudInaNtusnnmavll
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¥1n Taeldanusiedng 100 Taad dlunm 30 il Wladladinadues loading buffer
wheulleglmevawuciuazmlsassTlawiasensualwin Wuswazmlsaaalyasag
wouddue laedasd ethydium bromide ud7da39aI8 UV transilluminator uoUfBue9
Gasuanduuouady assouaumw uesmnuesdidueiiadald Teedeudy Lamda
DNA marker fifansidi 25, 50, 100 uas 200 wlunsuselulasans audei

5.2.2. MIMNANNFUNUSTINUENTINAIEIE IDNA sequence analysis

5.2.2.1. MsnBund dueniemunus ITS Memaiia PCR

lfiinadin Polymerase Chian Reaction (PCR) WaduZnn rDNA a3
AUHIE ITS1-5.8S-I1TS2 Taald primer 2 viinfe ITSS (SGGAAGTAAAAGTCGTAA -
CAAGG3) uas P3 (SGCCGCTTCATCGCCGTTACY) swamlumwii 5 (@mdu
primer U9 TumnElFdmsLmsmardLueees DNA as@umiy 1TS1-5.8S-ITS2 ¥
1#un primer ITS1, T4, ITS4 ugs T3)

ITS5 ITSH T4 T2
- = »— -

18S rRNANIERN 5.8S rRNARLEFA 285 rRNA

~a - -

-
ITS2 T3 ITS4 P3

Primer Nucleotide sequence Source {reference No.)
ITSH 5-TCCGTAGGTGAACCTGCGG-3' White et al., (S)
ITS2 5-GCTGCGTTCTTCATCGATGC-3' White et al., (9)
ITS4 5-TCCTCCGCTTATTGATATGC-3' White et al., (9)
1TSS 5-GGAAGTAAAAGTCGTAACAAGG-3 White et al., (9)
P3 5-GCCGCTTCACTCGCCGTTAC-3 Kusaba and Tsuge, (7)
T2 5-GGGCATGCCTGTTCGAGCGT3 Hirata and Takamatsu, (5)
T3 8-ACGCTCGAACAGGCATGCCC-3 Hirata and Takamatsu,(5)
T4 5-TCAACAACGGATCTCTTGGC-3 Hirata and Takamatsu,(5)

o ' = x
Mwil 5 usufluansiumiies rDNA filssnaudis ITS1, ITS2 ua 5.8S rDNA gene
o A = ' | ey a4 A S
wBzAGLIUEYBY primer $TAeeq AlFluUiZen PCR  (WemniBaunndudiu
A [ L -
rDNA ugs primer MdlunsMeaLwwe (Hirata and Takamatsu, 1996)
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A. MawBsnduaunaIliiten PCR (reaction mix)

9vaan PCR wua 0.5 Taddas e unanssImsmua sl
HBies (lulasdas)

ihndifitsidsud 37.8
10X PCR buffer 50
dNTP mix (2.5 mM) 4.0
Primer [TS5 (20 pmol/ul) 1.0
Primer P3 (20 pmol/ul) 1.0
DNA template 1.0
Tag DNA polymerase 0.2

595573 50.0

LﬂaLﬁudmwaunﬂaduﬂmuﬁa Wy light mineral oil 1Bwwes 10
lulasanstimiudiuuuesmsasmenipiloiiunsssanss  reacion mixture  1vaaa
PCR fus3eamipuudalyl incubate l1uAdas thermal cycler Ju PC-700 (ASTEC) Ing
AMUADINNTILAIR LA LY U URYE

L7 o < = = e
2usaun 1. predenaturation NUWNI 96 BsAaliad L& 1 Wf i |
e

yumaufl 2. template denaturation Tignmgd 95 ssrmnuwaldea a1 30 Ju
primer annealing gyl 60 asFnwaldea m 30 i
extension Hlgeunail 72 ssenwaidea va 30 Tnd
Tudumeudyngriuou 30 sau

L -3 . 5 P o - e
YUABUY 3.  primer extension NYURYY 72 psegaTad 181 4 WH Iy 1
U

< Y =y ar o E=3 IAA 1 o
wasnndugauifsenudninludulin - 4 ssmwades undienntld
Janzvinamemnaiin agarose gel electrophoresis An i

B. anvdaunaniadauwmainliizer PCR

t‘; o = ar o o ar
sumeulumsamasaurimiisuiumsasnaeuaum wenIdBwelulp 2.3
L] A LT 2 A "-l LT
wiasuanuduiuasasnlsawady 1.5% wienlasgiasmisa 0.75 nsu ey 1X
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i o oe . L - - -

buffer TAE 50 #addms 1hluvanuazane uazmm'lﬂwmiazmsmqquuﬂizmm 45
asmaldied wd2¥udn ethidium bromide 50 lwlasdas auldisdunntidanlvmas
nAasall

5.2.2.2. msugnuandsfiduwenlinden PCR

diathwdnkaainmstii PCR wiuenlaeisdaalasiWiBatnluasnaaums
Tuas UV ssUnnguovsasfiduwenfinnayszana 640 qua nmisaimssaealy
dufiimaBoua @naldsnn 640 qua) udnisnuenadadEuesanvinalasld
JET SORB kit (Genomed) lasdufiumugiafiuuuaniy kit dwsluil

yusauil 1. duiminueieninld udnihmsazaiemadie Al buffer
(MARWINY BANEIN 13 (wiv) Tnukan Jetsorb 133a3 10 Tulasdas naslvidaiinh
1) incubate figaumndl 50 asrnwadea Wua 15 nil Weazainas weslviBueindy
fusumearas Jetsorb MnuuGaihuenlinnaznaufianud 15000 seusewndi Hunm
30 Tnd inasaransdiuuudialy hmsdnaznausismisazais Al buffer 15393 300
lulpsans  wanldghiunninihliuwenlWanaznaufienu® 15000 sevdewdl 7
aomad 4 asmnwadsa duaa 30 i udinmsesaiediuui

??u@auﬁ 2. #Pznousig low salt buffer lpedinansazant A2 buffer
(marn) Bans 300 wlasdas wanlddiu inliilueenldanazneufinnud 15,000
sausiainl figamadi 4 esmwrades Juaa 30 Tndi Weldnsneuudunmsazansdin
ufudrhmsdnasnaudnatidne A2 buffer Ysnas 300 lulasies udailuuenly
anAsNauENATe mansasmpduUue udRrsnaulviuia

fuspufl 3. msusndBuesanin Jesord Thlalasdinasazany TE
buffer 1Binas 50 lulasiay wonnslunznauddueiivdilighdy sindnilyl incubate
fomnd 50 ssengaldea Juom 10 i wdnhliiuldenezneuiianu 15,000
sauspndt fignunndl 4 ssenwadss Wum 30 Anfi uenmssraedIUY (MN3azaI8d
Bue) 1 evsacesdduedlalutuesull cwsehldidiuufsilumandduwaly

& 1 o @ L3 *r s F- o -wr Qs 1]
sunall Tagthldsuamudutulvlatszana 100 nlunsululasins dmsuninlsua

o w o w 0 . YY) P s ' w
AMututull 9:1418309 Spectophotometer TumsAmumiAANENTY udTaluald
1dsudpanis
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5.2.2.3. MSMEMUUBRTIAILALS ITS1~5.85-1TS?2

B 2 . - . a
A. ﬂ’]il@]iﬂnm?ﬂﬁ’u\ﬁﬂlﬁﬂ’]ﬁ’] ALY

wsndag e ldmadunsGasarnauansiums ITS1-5.85-ITS2
lagld PRISM Dye Terminator Cycle Sequencing Kit w@alaeidun Applied Biosys-
tems Inc., Japan Famamadaiezls primer 4 ¥iado ITS1 (STCCGTAGGTGAA-
CCTGCGG 3) P3, T3 (5ACGCTCGAACAGGCATGCCG3) ud: T4 (STCAACAA-
CGGATCTCTTGGC3) @ primer 1iaier lfmadumsGosvaauamusiumisiig
swanidun@ 3 TesvhuouGases PCR (Rduie) Awdenlalude 222 waudanusias
menufimasualasnadunera Az Al

d AN S, é a L7
asazaei lfln)if3e1 PCR (Raasavaainug

drunanyealiiten PCR WBues (lulasang)

1. Reagent Mix A 4

2. Reagant Mix B 4

3. DNA (100 ng) 1

4. Primer (5 pmol) 1

5. ddH20 10
5uRIIu 20

dlonmudusaunegsudndin light mineral oil Yiwnas 10 laulasins
Teruduunystanasameiellasiumsssmevasmsasare vInanihvasa  PCR -
incubate 116389 thermal cycler 51 PC-700 (ASTEC) Iﬂﬂﬁ?ﬁuﬂqmﬂ{‘\ﬁ ROETEHZIINN
URASTUAAUR T

[ = . A 2 =4
yuppufl 1. predenaturation NGUUDN 96 Berngadamiunm | i

Jugpufl 2. template denaturation ﬁqmwgﬁ 95 aernadsmiiuam 30 Fud
primer annealing figavndi 50 asrnuwaldes unm 15 Jud
extension 1gnunadi 60 samuzadea due 4 wi
Tutueaud 2 & vhdmou 25 seu

= o 'y aaa » &
yurauf 3. wanaugeUifiteusieamazatenivas (nas 20 lulas
day) heluldluanamaaeiivy udrvihmsanesneudas 70% EOH (-20 asrmuzadeaa)
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- v o e & . ¥ -
ey 75 Wilastes Taewanlidrdn andshll incubate Tinhudaduvar 30 wif
& e YRR ' | o < Py
Jnhluiufierinds 15,000 seudewn® Agamniivios Wuva 25 ndl mussmaliuui
° v oo A . o wr »
aznaulll dry Ty vacuum  wdnfussnpudinhluasamaaiiuansly

o Ao L J " 1 L 3
wnewe:  yalfsiouluda 52.23(4) U aslimssien gnuaniesfigaiias
' ' v . w & v oo
nnmsmaiilsoum waranBavanmldinemnlauuaais assuansifegiidisuases
raviunaaanaans

B. nsm electrophoresis LU polyacrylamide gel

Uszneusrusunszan ntuimawisumsarmeindasdanned Toady
1NM3H urea 25 N3y ldludnnasine 250 Tadans Wasazanena Long Ranger (r)
(polyacrylamide gel) 1Fwas 5.25 Naddns wawlhiinny (@1l hot plate taslums
azae) namadia 10X TBE (Mawun) Bnas 5 dsdors Ysulsuasasasaialy
¢ 50 Aaddasdeinngy Whasasaelufoaiainiaeandieeine vacoum Ussane 17
il @y 10% APS (Mmeuwn) USnas 250 lulasdns uasidy TEMED 15as 21.5
lulasdns wanlimassmedidud udnhemsazaiefldnassmiutunszaniedenls fia
Vilszanm 2 99T wassudedn antdinhusunssanilalddremanvezain udviusiu
naseniilUlsznamdnaios Applied Biosystem 373A Sequencer (@3 running buffer
(1XTBE) aslu chamber mniuduhasnaufidueividenliluds 5.2.2.3(A) masaesino
loading dye U3mas 4 Tulasdns thisarmed@uefldly incubate flaaumndi 95 oam
wades Juam 2-5 wil dweldRdueendumaie nntuthasasaed@uell
asnaavdwuwa Tasvesaaadluwafiedenld Tachassuudidlaaindliiaiaswihou
nenlszann 14 9900 mavinussaesssrdulluuudalnid  Tnedniadsnugiiof
AnaniueTeuasayadaiaildergniufinlilussufined

5.2.2.4. MYUATIEARNIANNENRUSINUSNTTY

mmaenzvasuiadlalndluduwis ITSL, ITS2 ua: 5.88 DNA
¥ouian Colletotrichum spp. logldlisunsumpaiiowed GENETYX-MAC (Software
Development) mmfuﬁ1m'ﬁLﬂﬂzﬁmmmﬁ'nﬁ'uﬁmaﬁ'ugn'i'mﬂauﬁvaﬂ Colletotrichun
spp fusnldnnfizsindme waznReuifisudmauoeildiusayaan the DAN Databank
of Japan (DDBJ) (m-mﬁ 2) aaelisunsy Clustal V (Higgins et al., 1992) uasain
phylogenctic tree lagondalsunsu PAUP version 4.0 (D. Swofford, Smithsonian
Institution, Washinton D.C)) %&mﬁl,ﬂﬂxﬁ‘ﬂﬂ trec 1HWANMSTBBY Distance method
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Lag 38015 neighbor-joining warmeAMMEnLTaEALIN boostrap MMM 1,000
¥ v & o o .

AT NAIINULTNNIAIILAN distance coefficient laaliTsunsy PAUP version 3.1
d o a’ @r 1

ediensianuduusmeludleenaden Colletotrichum spp.

Cl e o =i
3197l 2 H8RAIN the DNA Databank of Japan (DDBJ) fithanlflunmsfinenaBendisy

Fam (aTFid) lalgian Ve el MY [Accession®
C. acutatum 379 4 Fragaria x ananassa USA Z 32915
C. capsici 93 b Vigna unguiculata Nigeria Z 32934
C. coccodes 52777 C Lycopersicon esculentum Bulgaria Z 32930
C. dematium 788810 € Dianthus sp. UK Z 32938
C. destructivum 157.83 € Medicago sativa Yugoslavia Z 32939
C. fragariae 63-1 2 Fragaria x ananassa USA Z 32943
C. fuscum 120 b Digitalis lanata Cuba Z 32944
C. glocosporioides | SAS | © Citrus paradisi Barbados Z 32945
C. glocosporioides SAS 8 © Diorcorea sp. Barbados Z 32963
C. gloeosporioides 203 b Aeschynomene virginica USA Z 32947
C. gloeosporioides | NT 44 © Stylosanthes sp. Australia Z 32951
C. gloeosponioides |498/150.28 € Zizyphus jujuba - Z 32955
C. gloeosporioides 501 € Mangifera indica Malaysia Z 32957
C. gloeosporioides 502 ¢ Hevea brasiliensis Indonesia Z 32958
C. gloeosponioides 503 C Malus domestica New Zealand Z 32959
C. glocosporioides AV3/1 € Persea americana Sri Lanka Z 32965
C. gloeosporivides | CG cof C 2 Coffea arabica Sn Lanka Z 32966
C. gloeosporioides P2/10 € Carica papaya Sri Lanka Z 32970
C. graminicola 84032 € Zea mays Zimbabwe Z 32981
C. kahawae 319406 2 Coffea arabica Kenya Z 32983
C. lindemuthianum | 550 b Phascolus vulgaris Brazil Z 32989
C. linicofa 17259 ¢ Linum usitatissimum Netherlands Z 32985
C. musae CMG © Musa sp. Australia Z 32995
C. orbiculare 172.59 € Cucumis sativus Netherlands Z 33379
C. sublineofum 790416 © Sorghum sp. Nigeria Z 33380
C. trichellum 84089 € Hedera hefix UK Z 33003
C. trifolii 164 b Medicago sp. Usa Z 33004
\Nurospora crassa _d - - M 139006
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@a () loTman Huedt aomfiiy | Accession®
G. acutata MAFF 306282 f ~ Japan AB 042300
G. acutata MAFFE 306406 | - Fapan AB 042301
C. higginsiamun  |MAFF 305635 f - Japan AB 042302
C. candatum MAFF 305700 f - Japan AB 042304
C. orbiculare MAFF 306518 & Cucumis salivus Japan AB 042308
C. dematium MAFF 305982 f - Japan AB 042310
C. dematium IMI-2888102 b - Japan AB 046607
C. demativm IMI-080025 | - Japan AB 046608
C. linicola CBS 17251 J Linum usitatissimum Yapan AB 046609
G. glycines IF 07384 f - Yapan AB 057435
(. graminicola MAFF 511343 T Zea mays Japan AB 057436
C. linicola IMI 103844 Linum usitatissimum Japan AB 057437
C. sublineolum MAFE 305360 f - Japan AB 057438
G. cingulata MAFF 306173 T - Japan AB 087217
G. cingulara MAFFE 306429 [ - Japan AB 087218
G. cingulata MAFF 306553 & - Japan AB 087219
C. musae MAFF 305595 & - Japan AB 087220
C. fragariae MAFF 744017 & Fragaria x ananassa Japan AB 087221
C. lindemuthianum |MAFF 305390 8 Phaseolus vulgaris Japan AB 087222
C. trifolii MAFF 510847 & Medicago sp. Japan AB 087223
C. graminicola DRI k Poa anunua Ottawa AF 059676
C. gloeosporioides | AVO-37-4B | - Israe! AF 200792
C. acutatum US-ALM-4 | - UsSA AF 200793
C. acutatum TUT-5954 | - Israel AF 200749
G. cingulata MI 383016 ™ Hevea sp. India AF 448777
(. acuiata IMI 383015 1 Hevea sp. India AF 448778

2 ;yeulag Sreenivasaprasad et al., 1992, 1993, 1994;

¢ s1pailee Sreenivasaprasad et al., 1996;

e iﬁ’auﬂmﬁw‘i’umaﬁﬁ'mﬂuimgﬂlﬁﬂﬂ the DAN Databank of Japan (DDBJ);
f e ulan Moriwaki et al., 2002;

h smaulae Moriwaki and Tsukiboshi.2000a;

b g1 ulee Shernff et al., 1994:
d sig3les Chambers et al., 1986,

g nanulas Moriwaki et al... 2003;

I neaulan Moriwaki and Tsukiboshi.2000b;
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I nignules Monwaki and Tsukiboshi 2000c¢; K srganilan Travanty et al., 1998;
U yypavulae Freeman et al., 2000; M Hp1ulae Saha et al.. 2002a;
N 1 leae Saha et al.. 2002b.

523, mMamanudunusnRugnIsusIsnaiia AFLP

5.2.3.1. Restriction and ligation of DNA

ihadueiwieulaluds 5.2.1.2 anwdudy 100 nluniusalulasans
s1u9u 5 WwlasAnsu @ restriction buffer 35 lulasns lssnauseouldsi EcoRI (5
unit) uds Msel (5 unit) Esas 0.5 lulAsAas uas 10X buffer A 8n 4 lulasdrs USu
Psnasdetndu dldyud 37 ssmwadeaduam 1 9100 anifudis ligation buffer
10 Inlasdnsfitsznaudan 5 pmol EcoRI adapter uds 20 pmol Msel adapter aeias |
lulastas (taedduinadlalndvas adapter diwamslumaef 3), T4 DNA ligation (1
anit) 1 Tulasdas, 1mM ATP 1 lulasd@es uas 10X buffer A 1 lulasdas Usu3unes
Faeinan Unfelint 37 sradsaduia 3 9T 11 DNA fliums digest uas
ligate udamn@anens 10 vhdwehnauilends Weldidy templae lu§Asen PCR
@aly (Vos uazat, 1995)

A o U J - -
#5190 3 @A nucleotide 984 adapter NFIUNIS ligation

EcoR1 adapter 5'-CTCGTAGACTGCGTACC
CATCTGACGCATGGTTAA-5
Msel adapter 5'-GACGATGAGTCCTGAG

TACTCAGGACTCAT-5'

52.32. madafSina DNA dhemedin PCR

1 PCR A3IU3N {pre—amplification) Taenin DNA template 5 lulaséng
WFu reaction mix 50 nlasBas Avsznaudas 10X PCR buffer 5 lulasdns, MeClo S
lulastmg, dNTP mix (ImM) 10 lulasdag, primer EcoRI (75 wiluniusslulasdng)
uas primer Msel (75 wlunsusialulasdas) agnar 1 lulasding, Tag DNA polymerasc
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(5 unit) 0.2 Wwlnshay UsuiBunasdaeinngu primer Al8luuiiisen PCR v 2 wiia o2
NNAUWIENYANY  adapter uRENINTIERLLAYAY adapter fas 3 ag 1 wa As
EcoRI-A /Msel-C 6wSUdWy nucleotide 84 primer Nidlumamasesi awesaly
a4

p o ws . . pa | oy
A14f 4 @16 nucleotide #83 primer N1FluUANGEY PCR

primer AAUMEFEIRIWEI nucleotide
PCR_aiifivils
EcoRI-A/Msel-C EcoRI primer 5-GACTGCGTACC AATTC A-3
Msel primer 5'-GATGAGTCCTGAG TAA C-3

PCR A3Inans
EceRI-A/Mes[-CAG EcoRI primer 5-GACTGCGTACC AATTC A-3
Msel primer 5'-GATGAGTCCTGAG TAA CAG-3

EcoR1-A/Mesl-CAC EcoRI primer 5'-GACTGCGTACC AATTC A-3
Msel primer 5'-GATGAGTCCTGAG TAA CAC-3

EcoRI-A/Mesl-CAT EcoRI primer 5-GACTGCGTACC AATTC A-3
Msel primer 5'-GATGAGTCCTGAG TAA CAT-3'

EcoRI-AC/Mesl-C EcoRI primer 5'-GACTGCGTACC AATTC AC-3
Msel primer 5-GATGAGTCCTGAG TAA C-3

A . ' o v o a Py a
Wathasenst wanduednihluridiisenluesas PCR (PCRT™ MIJ Research,
° ° o L w
Inc.) 370U 30 58U lpedmuanauasguniiuAazIuaauAil

] = a a

denaturing  Tigunndl 94 asenuwadea duoa 30 Jud
. = = o a
annealing  Tiaun)il 56 avdnsaded (Wune 60 Jund
= a <= <

polymerizing figundd 72 asrusaded Wuan 60 Jundi

- PR, & d . . . =
11!ﬂ”|‘iﬂ’lﬂ{]ﬂ‘5ti’l PCR A3N#A83 (selective amplification) wlfuan@nan PCR
& 4 d ° o o . e 11 & oA M
Aseivils  dhai@asns 10 oihdeihnduileinge waslfiilu template  Taenii DNA
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template 5 WlAsdas wdu reaction mix 20 Wulasdasfivsznause 10X PCR buffer 5
lulasdns, MgCly 5 lulasdas, dNTP mix (ImM) 10 lulasdns, primer EcoRI (75
nlunsuaalulasdag uaz primer Msel (75 wluniusdalulasdns) aear 1 lulasdns,
Taq DNA polymerase (5 unit) 0.2 lulasdns, Taeluuffien PCR adsfianwnsld primer
4 ¢ aiidrdumamiou primer gusnfilily PCR @33 1 usifinnuenudiuiu 1-2 wa Aa
EcoRI-A/Mesl-CAG, EcoRI-A/MesI-CAC, EcoRI-A/Mesl-CAT udz EcoRI-AC/
Mesl-C Tﬂﬁﬁmuﬂanwuazqmﬂqmmauﬁ 1 giail

El [ =4 - =t
denatuting  Tigouwgill 94 ssrnwadsas (Jwoian 30 Jud
= P a e
annealing  Nigounll 65 asenuwadies dua 30 i
- - = =
polymerizing NYUARN 72 asangadea (Jum 30 Jund

mﬂﬂ;uﬂ%’ulﬁ annealing temperature oY 1 aaﬂ“ufnm%aﬂ‘l,unm 'samuqfwgﬁ
ANBAVBE 56 BIENTALITRA WAINABAN 25 58U (Vos wasAeue, 1995) 1wandnain PCR
lunsanaasluasssoumunufdiuess polyacrylamide gel electrophoresis wasfnuE?
WDUBAIEID silver strain

5.2.3.3, MYIATISHAUUULHUAERNAGLDUBA8IE Gel Electrophoresis

A. MSASHUNTETN

Winsandildiedeumandln  wasdarhanuaraia  asendilen 2 wHu
ssnuit (nssanueuwilsinnadnnndnusuniy) vnthnihluddwuds  wlsunsan
weiu@nloeld 95% alcohol Eamnszan 3 adh ntadeld clear view Fadenszas
aulanildh foudfasdennsenusiutvglaeld 95% alconol Falvis udriudedas
Bind Saline 2 A5 Asiax 0.5 faaans (nszaiwdulad uasdade 95% alcohol Bnats
nanszanmigsaudulssnuiulaeld spacer w1 03 fiadwas Aumudramaasdn 147
wiunssay wiududisiniaeadiu Wesamsmalususaly

B. miwsguiea

@9 4.5 % acrylamide 50 flinddas Suaslumiedmsunauaa W\y 10%
ammonium persulphate (APS) 300 #iadfns eudie TEMED 100 Wlasans wdnuin
Wi anmishumedunszanfwdenly Tasdasn  mideadililunsen  agily
eeay welnassluioidudas Elawmenszondielinalnesnnnianduauesalwaly
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faduaaeinssen @euwildmuuurainszen  laslidudeudauatly  Waawniy
r=1 b ar 1 C:' o« 74 !‘I
nsEAENTUNTzINNIsuUULazan  Nalilvudeds (Uszuna 2 4w

C. M3 run gel (electrophoresis)

nsanflwdeul fndsnauatuueias Sequencing gel electrophoresis
(giBco BRL Sequencing System) (@ 1X TBE buffer Viﬂ‘fﬂﬂﬂ’luazLﬂﬁﬁaﬂflﬂ‘%mﬁhﬂ
nseudlil (power supply) MMM pre-run (iuaan 30 1nf udF0hl PCR product
VUfN formamide loding buffer 10 TuTaseias 3ily denature 7l 94 psradssdunm
3 Wi NN load aswualunszen Teeld 100 bp. marker (WudruSeudieoy
naspsdidue WWoualums wn a3 $lue sntinhweludouddie sliver

staining
D. Silver staining

ihwafidraguunszanauily 10% acetic acid Wum 20 A anty
Tandradiethndgl 3 #5190 s 2 wit dawudde silver staining Huomegiaise 30 Wi
udiand e 1 A1 S06iu developer 1 a5 weEIuNENWNNgUOLABUE 0
WRmemiifendie 10% acetic acid wazdwmetiniuom 2 i Tesweiuy rotary
shaker nn‘rf'uﬂau

5.23.4. MFIATERIDNA

Yufinwaumefaun@dusfiunnguu AFLP gel UumTN matrix lnsudas
Wiy due (band) szthwienesiiumilidnune (characten Faeniu 1 dalning
wou Aduefdumimilin  wesdlandu o doliunnguoudiBueludmuniniut 9n
‘t?uﬁ’mﬁLﬂﬂ:ﬁﬁmtﬂiuﬂ‘mw}ﬁﬂuﬁ’lLﬂﬂ%’ numerical taxonomy system (NTSYS)
version 2.0 L‘]Jﬁﬂmfl'u similarity matrix melusunsy SIMQUAL (similarity for
qualitative data) laeld@ Dice's similarity coefficient NUNNIIANEL (cluster
analysis) laei5 unweighted pair group method by arithmatic mean (UPGMA) @728
Tusunsy SAHN (sequential, agglomerative, hierachical and nested clustering method )
La=ILATLYA1 Bootstrap (1000 91) #elUsunss Winboot (Yap and Nelson, 1996) h
@319 Tree
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6. HENTIAN
a er = @ o &
6.1. mamsans anEUENIAUgAINEUasMIIATwundaT Colletotrichum spp.

NNMIA5e aam  wasuesndeviandnndesuisiidulann 54 o
gnsouenden Colletotrichum spp ldumadu 90 lalman dwansluanedl 5
vannfsldsnsIEes Colletotrichum  spp. WNEONTTI waznwInendaseq 3 17
loTawen @ailde acramentarium (4 lolowan), coccodes (1 lolaan), fragarize (1 lalsian),
gloeosporioides (2 lat‘ﬂLﬂﬂ), graminicola (2 lat"ﬂlﬁ‘t’l), higginstanum (1 ‘IﬂT‘ﬂLﬂﬂ),
lagenarium (3 1Elt‘ﬂtﬁ°(l), Iindemuthianum (2 IﬂtﬁLaﬂ) waz trafoli (1 lafma'n) Tﬂmﬁa‘;“l
nlelmanffusunuldl dwuwendoiandonasilaenisth single spore  isolation
Nmdiuliiu stock culture Tunimeassdun daly

dmsumsdnwdnwasmedugiinerandan Colletotrichum spp. 1t vilagiii
Jenwaiin@euuetns  PDA  Weaminadnuarvetlaladl  uszeamingdnuoems
Fougninenmeldndosearien] Tasmsii stide culure  wun@aniusnldasslalaifs
Auaneeduly dawedim du Jen awdum (mwi 6) nnasasrsaumelandaga
rieninuindendiuingazahs conidia TUNTNEVENAR  HNNeAlA 3.00-4.68 X
12.38-14.60 lulasmas (mwfl 7) @51 appressoria MWLUANTEL wasfnygyse
s 5.58-8.22 X 9.09-13.73 lulaswms (il 8)  Jendluenlddinlnglad
M3 setae lugwadssds @MU sclerotia aswuludamnemenugity wu T

L 221

danfiuanldonndiavey ndreih adwly v ufin s wasd dudu
dusanmswdydviavenduls nohdusndeiulufiug 0.82 & 1.72 wufmsdaiy
Wothdhwaurmedugine uarfivondinsasuunaliidvaudenusas isolate Tasld
WanNTYDI Sutton (1980) wudlandvingazgnialilualiid glocosporioides (1197
5y Tmemudiannda 49 isolates MnAgande 20 via dwiudenlualEddun finu ldud
capsici (2 lol@an), coccodes (2 lalaam), graminicola (1 lalsian) uns lagenarium (2
lolman) dudu  dudanivdosiliarnsasuunld (unknown species) 1Hpnni
dnwaemedagninemuiisewinedid  demaiimelilvifiamsduay msnania
FonlunguileGenandefivmdusesdoniug unumsdendasldd
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mndl 6 dnwaslalafiuuens PDA wpaden Colletotrichum spp. uwrfinflusnldain
fyoAerlingen ; A = ansawes 1, B = ansawes 2, C = Yufiy, D = du 1,
E=d&u2 F=d$ G=ndweves, H=ndwhh, [ =dly, J=ndy, K=
AU, L = pdeld, M = 17979, N = 5241 was O = win
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P &’ . g . o A g = L7 a
NMAN 7 8NwUe conidia yaufias Colletotrichum spp. vantiafiusnldainigandeariin
| = = or  aa nr 2
A9 ; A=dRTaei 1, B=daowss 2, C=17ufiy, D=du |, E = du 2,
F=t51, G=ndwvay, H=ndmn?, I=ale, J=wiy, K=nmuw, L=
ndaelal, M = 477909, N = 32317 waz O = wan
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mwfl 8 dhweue appressoria ¥adlaT1 Colletotrichum spp. 1nsrfiafiusnldanfizand
FHAANT ; A = aATawes 1, B = ansewed 2, C = vufin, D=du 1, E =
@2 F=odh G=ndevay, H=ndemnh, [=dly, J = nwiu, K=
mu, L = ndaelll, M = $19vhs, N = uzum uaz O = Win
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6.2. waMEANMANNTNRUSMaNUgNITTIIBNTaT) Colletotrichum spp. lagag@inen
v i’ o o EIA R
6.2.1 wamsanaddueanndulasandosuasnsaneseugunmadueianald

davindulesesdan Colletorrichum spp. (08 1-2 ) Ausnlfanfgandesiia
A9 MNANeASLERAIBNIYE To-anun uazanz (1999)  wulldiBnadfduesglu
Faanud 35-250 inTunsudelulasdas (il 9) Tasdduefiadaldegluaninfimansan
fasthliiansduuuuenaeiing viathlumaduwaludumis DNA 16 uffusiun
Tlugoaududa (-20 awugades) e luiinnslugudaly

a9 Bnadduevenden Colletotrichurn spp. vewfinflusnldnfizendesiia
197 ; 9NN lane 71 1-4 A8 Lamda DNA marker famnandudu 25, 50, 100
was 200 wilunsusalulasing muday lane 7 5-19 A Adwefiadnldnn
Fanfuenldnnisdeludian nu, Tnay, ndaelsl, ndaeivh, ndeven, s,

@ o o = s a e o 2 - o &
nufin, Dlndle, o5, wWin, wal, nzun, ale, & uasdaTaLUEIA NN (NS
T GMITEIITG))
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6.2.2 MFAATNAMANVENRUETIIINUGNITNAIINATIA TDNA sequence analysis

6.2.2.1 MIANUFUI DR BUDLASMILENANANEAEAPIIUAINIAG

panaiaFnadiduelaemaiin PCR Taeldlwaued ITS5 uar P3 wuh an
Maenadidueiataldnndarmn isolates muolvitanda PCR 1§ Tasfivinayszan
640 gwa dwaaslunmil 10 wasielildUiinnmsinandefiBuennnwoftanillm
dduwe FohmaiuBnanesdedn 4 ween wdINUIBANNIANALNENLASTINILEN
ynaly  agarose gel  IMABIIMIARARBWERINGNIN  agarose  gel  BRATEN
Colletotrichum spp. 31 13 lolaen (mewdmwninaansamaidualdssamidy 38
laTan) snmaduwe wesiBeudfisuanuanudmiusmaugnsniluusald

W10 PCR product fildamnmafins5anaees gene ashunia rDNA waudon
Colletotrichum spp. rgfieflusnldnnfivendeeiadmig ; 1IN0 W lane A1 luas
2 @0 Molecular size marker (1 Kb udz 100 bp ladder asgiab), lane i 3-15
#5 PCR product fildnmnmsdislsssnaddusrsudeniiuenldainfissaliiae
mun, Tne, ndaelsl, ndreninh, s1avhe, viufn, Tlndde, 05 wWin, way, wsn,
ale wardu awany
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6.2.2.2 mamasuwaluguris MNA wazmsulSoubaunnudunug

nndpthadas Colletotrichum spp. Tugnldaniivends 54 wiia 538 90
loToon ludasfumasasdudandinain 13 laloem ldud denfuenldeinniud 41
W Dlndie dls wal &y aueda veud (aefnimmnszuan) Thau ndrethin veud
(lofath@en) nEden wasundame  ermeseliimsien  lumsmddluanss
funis rDNA (Fuda protocol Athanififlu protocol Aldmadnuaveadonailsgad
W DNA Alfuanddumnn Tnewuidimsildmdsuwaludanuilsmansoian
Wiudan Coletotrichum spp. 1difluathaf WeudUsuBaddnnininn (DNA
frenaiin PCR 91napsast (1§ nested primer) andiudiss 1 a3t fensnsaldifBna
(DNA iemafishinmaduwaldud Taewud danfiundnmgausnifaiwa
ATIAIUNUY ITS1-5.8S-1TS2 gene (Barmuednensiu 185 waz 28S LU rDNA) aglu
129 639 63 645 Guud  lap gene Asswiuvty ITS1 Jvwa 171-177 Fud usz ITS2 &
WA 160-162 Awwd Wanmaeudnuwenldwuiidiasidud G+C content Tusiuwiia
ITS! elugis 59.32-63.22 % uaslusumis ITS2 fenlugne $3.13-56.17 % e
Wisnfisunnamdwaiidlumumisngg wuh dduaandumioesdu 5.8 §
ynaasfindIAalinme 154 dwa uasiilafifud G+C content tusa 47.40-48.05 %
nndayadAbwansdumia (TS twuhidunedifudenuiuligiganiniy 14.08 %
Toeludunia TSI ﬁmmn‘i’uuﬂimﬂﬁqrﬂ (27.07 %) GleuBemdfieuiusiunis ITS2
(1173 %) uassumiseaaiy 5.8S (0.65 %) (MW 11)

o e o w . el P
dwsunmsinmmaduiwaseadan Colletotrichum spp. BUT TIVAD AT
Y [y o = e v w
lévaumsiy 38 lalwon  (dausaslumamnn)  Fahanmeanudurugnianugnasuely
aauraly (luiata 6.2.4)

6.2.2.3 MINATIERMANNENNUENINUSNITEI TIN50 na s UL E

nnéwuwaraden Colletotrichum spp. fusnlawnfiony 13 lalmanding1s
mansnihldmanudmusmausnssuleslddduiensiiumis  1TS1 Wiesufigudy
dduwmesdes Colletotrichum a03dd3n Afinenuly the DNA databank of Japan
(DDBJ) 9 nih@nzvinien distance coefficient WasYiIM3a319 neighbor—joining tree
Tapld distance method emenudRusMaiugnssumelungudandinany dnadil
Ao
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nnmsulisuifisuaduumnadonns 13 laloan fudes Colletotrichum Spp.
17 a1)Fd (JayasIn DDBJ; Sreenivasprasad udzans, 1996) lasfiidan Nurospora crassa
W out group (MWA 12) wuANNUANEIENIRETTSIBNTT Colletotrichum Spp.
lnedia distance coefficient ifi‘lu,ﬁ' 0.0 D3 19.1 % (mm'ﬁ 6) @W3UAI distance
coefficient taeflgn (0.0 %) wilungusaadanaungsde nguuINsznauMedan
Colletotrichum spp. lalmanfiusnldnn nud uazdnin  ngufsensznaudsdan
fuscum wds Colletotrichum spp. fuenldan dlnde dle wazwdy uasnguiiens
Ussnoufiedan Colletotrichum spp. fusnldain vawd (@laspmsinszuan) waslneau
ﬁWH%Uﬂfjuﬂﬂ&L%ﬂﬂﬁﬁﬁ’] distance coefficient QGQCﬂﬁﬂ L%ﬂ‘i’l C. sublineolum uas C.
acutatum (19.1 %) WenSsufieudduwaranden Colletotrichum spp. fudan N,
crassa WUTAY distance coefficient 55WiN8 31.2 84 41.4 % WaRasan tee 76 (WA
13) wrwuandunustenda Colletotrichum spp. Twanldanfiveidosinen Taeaunsn
wtindarns 13 lalmanldiily 3 ngufa nguusmlsneusieda Colletotrichum spp.
sm 10 lalwan ldun @enfusnldnndieih veud (elaspunsinszuany Ineu
filndie wib dils muw $199ha @ wazauada esvmaglunduideiuden C mosae, C
gloeosporioides, C. kahawae Wiz C. fuscum Iaeiien bootstrap @UUAYY 67 % ﬂijnﬁ
gaslsznoudiag@an  Colletotrichum  spp.  lolmanflusnldvinuaud (alainliden)
NIzleY  uas C. capsici (A1 bootstrap 88 %) uaznejnﬁmnﬂs:nan@haﬁam
Colletotrichum sp. lafmaﬂﬁuaﬂlﬁmﬂmﬁamﬂ was C. linicola, C. destructivum, C.

dematium Wz C. coccodes (56 % bootstrap)

Wethdduuennden Colletotrichum spp. flusnldanfivendasieg sam 12
loloian (vwnamf 12 danfusnldnnnnusdsmeasianuuandsndaniiuenls
anfTerdeaun swnedaiiannly ivlddenfnuBeufieuwdades 12 lalman)
ndinsffeuisudduuaieanudumusmwugnIsusauiu@an Colletotrichum spp.
(Tayaan DDBI) an 13 laluan (muswaudanmiau 25 lelnan) Tasmwualddan
C. capsici lalman 223 waz Colletotrichum spp. lolaanfluenldnnsaies wasuard
(alasnhdie) dlu out group (MWAl 14) WURAN distance coefficient PlATINANS
WReufiuiayadauiansdunis 1TS1 feawd 0.0 & 5.9 % (myadi 7) Tagd
distance coefficient Woefign (0.0 %) wulunguueadandngufie nduusnUsznaude
BT C. gloeosporioides lalaan 203 uas Colletotrichum spp. talmanfiusnldamnmun
uasdidhe  nawfidenlsneudieden € gloeosporioides  lalman 502 uas
Colletotrichum spp. laTsanfluenldondlngle dile wasndy  ndufleanlszneudmeden
C. glocosporioides lolgian CGeofC uay 498/150.28  naufifisznovdieden C



C. graminicola CTGAGTT--~ACCGCTCTATAACCCTTTGTGAR -CATACCT ~~AACTGTT (44)
¢. sublineolum RAE AR S A AR AR LR AT kAt m kT m AR R AN _addaraa (441
Colletotrichum Sp.(n!lﬂ) LR R L S AR R S L AR Y L X 146]
cColletotrichum Sp.t"'nﬂu) L T L LR R L R SR L SR (48]
C. fuscum R R N T R R e e L RS VR [46)
Colletotrichum sp. {Tlmiu) e s L S e [486)
Colletetrichum sp. (‘\1,,) LER LR T RS i el e e e e A A Y e e R (46]
Colletotrichum sp.(niu) LR TR R L B e eh A AR AR L e R ey U LR L4861
Colletotrichum sp. (ousde) L R R N e L el T TS L 146])
C. gloeosporioides L (T L L R Y 146]
C. fregariae I B L L L L L T TR Sy R 146}
C. kahawae AR X ARAR AR AN A E F T AR AR PR E DT AR SR {46]
Colletotrichum sp. (UbuE(MIsTpImemzUen)) #4 4% 4% T s s essassCussststrmerrt_trsrbsspTasrsase 146)
Colletotrichum sp. (Iasu) L R L R e L - LA LR T LR [46)
Colletotrichum sp. {du) B S X LT [46)
Colletotrichum sp. (nf-,mfﬂ” M AT L A AR R A AR R AR P AR AR RS IR A AT R T e b [46]
C. musae Dy ol R L e Lt T T P P [46)
Calletotrichum sp. (mﬂiu—” SRR AR R A RS A R T A F AR AN r Rk AT _ (xR [45]
Colletotrichunm sp.(wuﬁ(udn'nkimn Ly N L el e L e e R R T T T 145]
C. capsici R T T Y TR e LT T TR e R, PP P 145)
<. destructivum FHAR KA L ARRAEE R AR r At vt i b bbb _Thh b uaa {45]
C. liniéola PEARE AR Rt EeT At TR AR AR Ak _ Ak h ke _Prev e 145)
C. trichellum AR A AR RN A E R AR RS ACA A AR AR ERNA _RA AR F A __rharane [qd]
C. dematium R T T 2 2 R L R R LR L N T X X X X g g ey [44]
C. coccodes ARG b bk kA Gh AN bbb ha ke o N e At h__ehhmbh {44)
Colletotrichum sp. {u=tipmn) P L L N P T T T T T T [44]
¢. trifolii FRAE R IR A PR RS AP R RS r e R Rt _h A AR IR A RE O r44j
€. lindemuthianum SemmaaET o a_easrsatteterrerstakmr_wrkn e _paerCR et {54]
C. orbiculare LR A AR RS SR S A A R A R A A L L R R e L 1451
C_. acutatum L et L L R I R L ot R [44)
Nurespora crassa AR TR LAY A ACTC O *ACCAT* " (e * * T T v s CGT - *GR ¥ % 149]

= v e o % = 2 v &
Mwil 12 anuediegadanuvesaabwansfibuensifumie ITS] vaudan
. o A i 23 = @ L]
Colletotrichum spp. 312y 30 laloan (danfusnldnnfivandesien lu

Usznalng 13 lolan Wisufleududeniilédoyatein DDBI 8n 17
Tal#an)

= o e A s as
ATy ¥ uﬁﬂﬂﬁﬂﬂDLUﬂﬂﬂﬁWHﬂuﬂﬂtiﬂﬂ C. graminicola
Ei s '
UAZLATRINING — LAAIIIUWLY gap



C. graminiccla

C. sublineolium
Colletotrichum s5p. (num)
celletotrichum sp. (frmn)
C. fuscum

Colletotrichum sp. {findio)
Colletctrichum sp. l&lo}
Colletotrichum sp. {wdu)

Colletotrichum sp. (ousaw)

C. gloeosporioides
C. fragariae

C. kahawse

Colletotrichum sp. (ueull (mlsipiniemzuen)
Colletotrichum sp. {lmou}
Colletotrichum sp. (du)
Colletotrichum sp. fndaoith)

C. musae

Colletotrichum sp. (mzin)
Colletotrichum sp. | ueud enleiphae)

capsici
descruccivuem
linicola
trichellum

dematium

"o 0 nnn

coccodes
Collerotrichum sp. {uwxiemn)
€. trifolii

C. lindemuthianum

C. orbiculare

C. acutatum

Nurospora crassa

mwi 12 (88)

60 70 280 90 100}
-1
GCTTCGGCOGETTAGGEG---- - GTCCCCCCEEGG--ACGLCCTCOCGGE
e TR Y T, R S R R Tt
Rll""'llﬂ’act ________ RﬂiTnl _____ chIl__I’fi'-.ﬂi
I N T RN LY (L P, [T T S KOG o—rerarraes
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gloeosporioides lalaan SASL uas Colletotrichum sp. Iﬂrﬂlaﬂﬁuﬂﬂlﬁﬁl’lnuauﬁﬁﬁﬁﬂai"
qunsanssuen waslnau dwmsuen distance coefficient wnfiganulundurendan C
glocosporioides lalaan AV war C. musae lolaen CMG (5.9 %) dawSeuifien
devuasandormmuadinfenildiu ou group WUTHAN distance coefficient Aau
107 8 13.0 % 0 tree NG (R 15) wudwmmmuﬂamjmmlﬁa‘nffq 10 lalowan
Budn wee tunmi 13 ldsaliaglungudmdueanduaaingude nguusnisznauds
o Colletotrichum spp. lalaanfiuenldannnud $1ans filoudie éle wéu & ausde
vaud (avedpnmnsruan) uarlnou Swamuegiuden € gloeosporioides 1 S
lalan (203, AVH/1, 502, 501 udz SAS1) ngufidestlssnaudedon Colletotrichum
sp. lalmanfluenidanndietivh waedam € musae (CMG) Fauaastifiuidandiu
Ingifeenldnniigerdasien 4 tessanvetlundusendas C. gloeosporioides
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C. gloeosporioides (SAS1)
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Colletotrichum sp. (Inwu)

87 ——————— C. musae (CMG)

" Colletoirichum sp. (nfaminin)

60 C. capsici (223)

" Colletotrichum sp. (vend (rdoiidifsn)

Colletotrichum sp. {n1ziton)
—— 0.065 changes

MwA 15 Neighbor—joining tree MFNAMTIATIEHALUARSIAIUMNY ITS] vauden
Colletotrichum spp 9mu 12 laloen Ausnldinforiisanan lutlssmelne
Wisuindon Colletotrichum spp. ($8a91n DDBJ) 9w 13 lalaan

v v 1 c‘ d * = = d
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6.2.2.4 NMITWIANNTNNUENHRUSNSTNINEFTLILAIBIERTY Colletotrichum Spp.

= w ' ar .
fiuen AN ewugan 9

& . ] » ' & gex '
VMMNITIVTINGBI Colletotrichum spp. flusnldanuzaing 7 fanunha Mg

w2 win eauun leesiing deae anses waxiheenly thanasveausnseg
dougninslesdusd wuhn Sanwasvealalall duly dnwoizuazneuns conidia &9

waailuman 8

= @ 4 w o o . = v
e 8 anwnelaladi Wl wesTafifeveadon Collerotichum spp. fuanlsain

N WEBANUSAN
aeuf | Wugueaing dhwozvaadaniluenld BNRIeaLas (um)
1 urh lalafiden vidndas dulevey 3.85 x 13.80
2 aduwa | lalalidm o Wuleveny 2.82 x 12.50
3 loaaviug 2 | Taladid@m Widmibe wdileveu 3.10 x 15.17
4 loeaiud 3 | lalatidn Widndes duleney 3.42 x 12.55
5 lyaaiud 4 | Talafidnuidy o @uleveny o519 mass & | 4.30 x 12.23
6 Fenmn 1 | lalafife o dulaasdaa 2.50 x 10.95
7 Geene 2 | Talafi@endum o dulevey 3,12 x 11.92
8 ansas 1 | lalafifon vdodes dilevweny 4.02 x 11.25
9 anses 2 | Talafidiin Wdndos iduleasifen 4.37 x 12.00
10 ansse 3 | lalafidamvum o Wulsasdua 4.42 x 1425
11 dmenly | Telafidnatum Widndas dulbasdon 4.05 x 12.70
12 wisnanddu | lalafidnnna o wuleazben 3.20 x 10.25
13 nundugs 2 | lalafidn o Wduleweu 3.54 x 13.34
14 wupsuze 3 | Talafidumum Wdniee wulesxBan 4.50 x 15.25
15 wupiuze 4 | laladidun dniee idulaasden 2.92 x 14.82
16 NBIG lalafidne o Wuleweu ais mass ddw 4.36 x 14.52
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detden Colletotrichum spp. wanfinaripfiows  uazshaduBunanss
AunLe ITS1-5.85-1TS2 lagldinaia PCR drelnswad ITSS ua: P3 wuiwandaidy
il ldfunayssn 600-700 guwa Suhnsadauenth PCR products wanflanvngia
\wedeeIes Applied Biosystems 373A sequencer uwasvhmisienzdlasidTusunsy
PAUP version 4.0b3 wunhdwiiuafildfianuentsany 642-643 guwa et
aRsufisumeanuadieadaiulaeldlisunsy  PAUP  version 3.1 wuh  ddlen
Colletotrichum spp. isolates flusnldnnussizau® aduinn ands uasloratidianm
adsadaturasiduwaluiindon  ITS1-585-ITS2  uasuandndaniuenldan
MR 3 gwa uwandueindenfuenldnnusiannaenly 3 dwe wasuaneien
donfuenldnnunindenmes 7 dwa  dwduidenfusnldnnuziusauandnan
danfusnldnnushaheenlsd 2 gus wasuansenn@eniuenldnnusinisnms 9
duwa wesdenfluenldnnuzhaheenlivanmannidaniuenldnnusinndsnas 8 ¢
wa Hudu Tndauwefld Wetmnaha phylogenetic wee laeldhisunsy PAUP
version 4.0b3 1aed8 Distance wuashaTizWa distance matrix #2835 neighbor-joining
Taerh bootstrapping 3143 1,000 A%1 33089 neighbor—joining tree IARIMNA 16

1N e AldwUTEINTOWLUENYBUTEN  Colletotrichum  spp.  Tlugnldan
ssnmadanugaendiu 4 nauda nauusmlsznaudedaniuenldnnusinud adinnn
Tvaeiiud uazondes Tasfien bootstap vy 64 wafifiud nauicesfadenfuenls
Pnuminuge  nguiimudedeniuenldnnusinnheenly  uwasngaidfedanfuenlsd
nnuzedeame Tage bootstap Aisnd 50 wasidudeslinngduay
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6.2.3 MIRATRAMANNANRLSIMRUgNsraRTiaNdIemaiin AFLP

62.3.1 nsdnmesiviaBuaendan Colletotrichum slocosporioides 8
MALA AFLP

Nnmsguthden Colletotrichum  glocosporioides fugnldnnizandeyfindng
manRTriiadety Wy du uszaniawed (aehea: 2 lalwan) ussoinesagiany Wi
mMu, ndaeviow, ndaeii, ndagll Fravhe, Mufiv, cl%’a, P, a1le, wWoL waswin
(eehaae 1 lolwan) sawusiumaay 15 laloen NANNMANNFURUSNIRUENSTNAIE
mafin AFLP  Tashddwaveadesiwailelaanay 500 wlunsumngsuseiaulesd
EcoRI waz Msel (1foulmisgaa: 5 unit) leeduusnosyniesnaaulsangmnns
sondemadunsie 6 lalaannnfiduerssdendagunaun 15 Talwan fa du 1, du
2, Yiufw, ﬂﬁ?ﬂ‘li’ﬁ?, M uesnd@rabinesnaaudeid agrose gel electrophoresis Wi
heunsotesldagumysel  FwasehdBuevaudaniuenldfianumnsauiivsihm
Tienedsudialy nhdahdduefdadi enzyme dindrms 15 lelaan sndandaniy
adapter niantia Aa EcoRI-adapter waz Msel-adapter udnhluvh PCR afafiniisloe
Wlnswed 2 iin Nildduuadgany adapter uemnEFULEYAY adapter filate 3
8t 1 Awa Aa EcoRI-A/Msel-C iy 30 sau (ns denaturing finnmgii 94
asrnradeaiiuian 30 f,  annealing 7l 56 awnsadeaiuie 60 A,  uas
polymerizing # 72 ewnwadsaiunm 60 i uwdnhwiessdeudield
polyacrylamide gel electrophoresis (PAGE) uazfiou@aaseit silver strain WU
nandAnmEuanlatansus utoudadiniriuuuuunt (smear band) filaimansousn
Huwuudenn wsdusmuwuld Jwasihrendaddusifiduennaden dadasiy
Fusmoumnndiuly  Safpniuanin PCR - anfinfluntinisdadantness  Taenhan
Gosat 10 whéehnau snnianlfdiy emplae nlfA5e1 PCR asifides Tanld
Iwswaina 4 ¢ Ao EcoRI-A/Msel-CAG, EcoRI-A/Msel-CAC, EcoRI-A/Msel-CAT
war EcoRI-AC/Msel-C lagUfiidsn PCR Aldasdudufl 1 souvas denaturing fl 94
ssrnradea Junar 30 S, annealing 7 65 asrnwadvaduna 30 i, was
polymerizing ﬁ 72 parnatemiunal 30 Jund ﬁl’lmfl;uﬂ{‘l_llﬁ' annealing temperature
anas 1 asrnwadedlunna seveugampiionanni 56 ssmnwadea Saiufisendein
25 501 WneHARAPMENIN PCR ANl 2 dinasindeudie PAGE 3na%1 wunandnues
RCR  luafifigesiilduovfdueiianuemdiud  200-1,000 dwa  wskouddued
faruszagluianuenyzmnn 300-800 dwa (Mwil 17-20) Seamnsovianlim
anudunuduaadenudaslalaenld
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700 bp.

600 bp.

500 bp.

400 bp.

300 bp.

200 bp.

o = = . L. ° P

mufl 17 sefiswaduwesenden Colletotrichum gloeosporioides 1y 15 loluiand

usnlaanWeaIfeda g Weanesaudmemaia AFLP lasidlnswss EcoRI-A/
Msel-CAG

=3 . = =) = L] M|
NN M @D 100 base pair marker; lane N 1-15 ﬂamﬂwwmﬁmawmﬁvaﬁﬂ
usnldnansawss 1, aasawss 2, nufin, du 1, dn 2, e, nalewew, ndlw
), ély, way, nun, naell, 319709, PN wWarWANANEAL
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¥ o p . e d

il 18 aeRunABueIudaT Colletotrichum gloeosporioides 917U 15 lalaanh
. 4 Lrd . dl 2 = o

wenldanAradesnst Weanamsusmnaia AFLP legldlwswed EcoRI-A/

Msel-CAC

- . = = = =~ & =
PINMH M fa 100 base pair marker; lane fi 1-15 ApaBRNNALDUDYDATDTIT
Ey) = = ar o 2 Iy & 2 Iy
usnldainamsawed 1, aaseiuss 2, Nunw, & 1, du 2, d53, ndrewen, ndae
1T, aile, wa, nww, ndslal, 914, vz waswinauEAu
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A = ot . L. ° |
Mwdt 19 meRuidEuewenden Colletotrichum gloeosporioides 31 15 lalmand
i 7 = U 1 A 2 F=9
wenldanAyandesneg diansasaumeameaiin AFLP lasiflwswes EcoRI-A/
Msel-CAT

=l . =) - o = =
VAN M @B 100 base pair marker; lane 9l 1-15 AeaneRune B uyeadant
o o M (Y ar 2 4 o P
wanlaanansanad 1, aasawwe’ 2, Nufiy, a8 1, du 2, {53, ndzevey, naw
1, fle, wal, mu, ndaelsl, 410, vEum uasHSNIIeAL
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u a - . a -
mnft 20 meRNAABueYeUTaT Colletotrichum gloeosporioides 1w 15 laloand
or - L 1 A t 73 F—
ugnlannfrandeenan  Weenadaumeineiin AFLP Iealdlwswes  EcoRi-
AC/Msel-C
= . = - o a =y
NNTNW M Aa 100 base pair marker; lane 1 1-15 ﬂaamwuﬁmﬁulﬂwmﬁaﬂﬂ
@ o = [T~ 4 w w
wenldaInansawe’ 1, gasawuas 2, vuhu, &4 1, du 2, 159, ndeveow, naae
T, @ile, Wb, mud, ndaalal, 419909, BB waEWINANAAY
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Lﬁmﬁfmﬂauunuﬁtﬁumﬁﬂﬂn.t,]'uu AFLP gel wuhlwswasusasAasuaniniuous
Fuefluanandnycisedid uazfluansanuuanmenelualdd Tnefluauddunei
uanuBnanwoleaIrlid Wy mefuWaEuesalnsned EcoRI-A/Msel-CAC figiaaml
eIz 250, 280 uas 350 Awd (M 19) Wusy duuoufdueiivanang
uangeme lualiddvaslwsweimi 4 f A9 EcoRI-A/Msel-CAG, EcoRI-A/Msel-CAC,
EcoRI~A/Msel-CAT U8z EcoRI-AC/Msel-C 1l sWOLOURABMTLanIauLansig
(polymorphic bands) (WU WIu 48, 27, 50 udr 29 WOURINEWY (ATRAARWIAT 1-
4) smuavddueioansaiinisuenanuuanseldtady 154 woy nhdayaveunud
dwennlwsweiusczgininreidmellunudhden  NTSYSpe Wesangumanu
dunusasly

6.2.3.2 ATAATEHAMNANNUSMINUSNTSUTRUTaT I IamaTian AFLP

1NMTi polymorphic bands Tlldnnlwsmesusozasnmidy 154 unusinan
wiensidelusunsuseniomel NTYSYSpe emenudunusmenugnsuzeadon
Colletotrichum gloeosporioides M3 15 lalman wuhamnsouingudanainsaanle
Ju 11 ngu Teedfien similarity iy 070 Faflusanasgndildlumsdnmeans
dunusmeluadidveadan @ulasduaun, 2543) (amdl 21) Tﬂﬂnfjmﬁ 1 sznaudae
anfusnldnnaasewes 1 uasarsowad 2, ngud 2 Idundeniiuenldnndiufin, ngud
3 ldundenfuenldnnndievan wesndmin®, nguil 4 ldundanfuenldomdle,
nauft 5 ldundenfuenldnmmey, nguil 6 lduidaniiuenldnnuzun, nguil 7 lous
Fonfuenldnnnun wazdvhs, ﬂfjuﬁ 8 ldundomfuenlaainwin, nqiuﬁ 9 léun
Fonfluenldnndsy, nguil 10 duidanfuenldnnndislsd wasngun 11 ldundand
wenldandy 1 waedu 2 mddy  FamnRovanetesdenssnuindaniuenldin
fgndvsiiadendy wdenuduusiunonidenfusnldnniserdamasiiony sniy
lunsdlseadonfluenldnndnisuasnud  Adudefiuenldnnfivendosssiaiuuds

awduRusinddanuundsgnialilunguidea

dofnmuBmifsuanuduiusmanugnssureadendangania 11 nguil wy
NEenfifienuduWusuuy monophytic ldud@enlundedt 1 uar 2 Fwsnldanas
sowas wasrivfumuady; Fontundguil 4, 5 way 6 Fududsniusnldnndle, way
oz ey, Jamlunguil 8 uar 9 Fududanfuenldnndss wasndaely s
gt dudanfusnldnnfizdue  venmiienniingant  arwduwusenuum
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6.2.3.3 ﬂ’l‘iﬁﬂma’lﬂ‘ﬁuﬁﬁLﬁuLaﬂﬂ&L%i’] Colletotrichum _gloeosporioides ‘f’llu,ﬂﬂ
lavnueang aenaiie AFLP

MNHAMMAsAIAINAT BN MITiensimeinwaduediemenn AFLP ua
lumsinsuundeniusdvmenugles MomailummaassralUigisaimaseuman
mafiadindranlflumsmanudmiusuendan ¢ gloeosporioides Tuenldninusaag
16 lolwan  Ieefiymuszaudifioasiaouanummanaeresrenugidon  C
gloeosporioides ﬁrﬁ'}ﬁmmmmaﬁmmmﬁm AFLP lagld conditions uarlnsweirieg
ssuuLBeeilfenginudiloiige 3.1 we: 32 nendeduvmhddusssudend
uanldnnussinenenugane 1 andame@ulesl EcoRl uas Msd dnilahddueiae
f18 enzyme danspAy adapter Madasfia A8 EcoRl-adapter ua: Msel-adapter
udnihlilvih PCR afiiwtlalaalilnswes 2 1iia &0 EcoRI-A/Msel-C FananaadEund
Ifazihanifeneas 10 whdehnay iy emplaee Tiljisen PCR A
a0 Tneldlwawaii 4 § 1dund EcoRi-A/Msel-CAG, EcoRI-A/Msel-CAC, EcoRl-
AIMsel-CAT uaz EcoRI-AC/Msel-C 9iniufsihuandsfifuasn PCR e 2 flan
ATINAELAIE PAGE Wuhwendouea RCR luasifansilduoufiduariovme 160 wou 1
fidhwausihy  polymorphic bands lsudasmedisvddueiduendnuaisusssalldd
uassinunmeluifdfeiusiiuouddueiuanduiuagiediudis  Tenansotanls
manudunustendonudaslaloenlddellsunsudiSanl NTSYSpe

6.2.3.4 MAIATERNUFIRLSMINUsN TSRl e

ehdayafilduiwnsidmeallunudiBon NISYSpe (edanguidonns 16
lolaan eansoutindenlunguildihmewsinn C. gloeosporioides aanléifiu 4 naw
Tngjq (mwdl 22) il Ao new A Fuflunguilingiiamissneumedeiuenldnusin
iy, aduwe, lyaatid, anfes, mitnaeiy waevuawss, ngy B lduni@anfiuenld
Pnvsiamaid, ngy C Iduddenfuenldnnusiindenme uasngy D Usznay e
donfusnanushaneenlsy Jdudu  Jwammesasisesadasiumangulasmaiia
rDNA sequence analysis ANGIE
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uonnfimendinanimavuwasesdenfusnlsnisedenting i s
fadu 38 loToam (Muasslumeanan) wazrthanIATsmaNNdRLSMINuEN TN
melungy wuherudmusvendand 38 leloandwansdunmdl 23 Tasaansoda
waderwie 38 lolmaneenldily 3 ndulngj ldetedmoude ngud 1 ldurden
Colletotrichum spp. Raualassife vonsesimddefuonldnnfivandesan sy 7
riieldun nsded, win, Wiy (aledsuliden), weitulilowe, Wiawuesey (mlads
\Ae), Muwdas wazueud, nguil 2 vudungudenndulvgiigafinudhrmeRede
en Ausnnis 28 siefiy wesfudoniadialeinlly Taesnnmusasasuunle
Tuden ¢ gloeosporivides Tufhanefigsinn il Ao auafia, wWinwow, nuw,
$havhe, dile, aenuda, nseduy, Glnde, way, Waauesau (@vainily), vufin, Tnew,
ndaelsl, usaing, oy (ededadle), umhaheenlsl, usinndenae (isolate 1), wxilg
Tyapiiud, suminmdiine, swaingendes, anasued, wammnd, &y, weudenas
(isolate 2), e uszndrevaamas dwibdaniundud 3 WWundaniuenldannn
yOsFome (C. coccodes) Wanidisn C. atramentarium loafidannianslelmanilansf
Wrhaeusdameatuwanavgu wonldnnlszmadi)

dievhdduwazande Colletotrichum spp. Ausnldinfigandesisg fu M 38
lolsan avienedmenyduriusiuiurudan Colletotrichum spp. lalmansnn #ifl
menuegly DDBI wasssmadiusn 27 meud wuh fesmansosautadaniu
Ysanglneldii 3 ngadvain wwdn duaadunmil 24 Fnmmezwuinden
Colletotrichum  spp.  Auenldnnisendalylnadndngasuandanndaniuenldann
Usmnaluwaevgu (dily uazauidm)
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Colletotrichum sp. (n12391)

Colietotrichum sp, {nin)

Colletorichun sp. {rrlin)

Collerorichum sp. (nsrl3iulsledn)
Colletotrichum zp. (Mavvmisu)
Colletetrichkum sp. (6" 1ndai)
Colletotrichume sp. (vaui)
— Coliciotrickum sp. (mmna)
Colletotrichum sp.{ninnrn)
| Collctotrichum sp. (nwirl}
L Collctoirichum sp. (¥1mu)
Collatotrichum sp. (aily)
97 | Coltetorrickum sp. (aennd1)
Colletotrichum sp. (n1ziu)
| Colletoirichum sp. (Giniy)

Colletotrichum sp. (ndv}
66

Colintotrichum sp. {flaavaisy)
Coliciotrichum sp. {fwnn)
l— Colletotrichum sp. {inau)

| Coltetotrickum sp. (n& i)

Colietotrickum sp. (wisin)
—  Colletotrichuss sp. (vsud)
Colletotrichwm sp. (uzvni)
Colletotrichum sp. {nliu)

Colletorrichunmt sp. (u‘:aim;mnn“ld')
100

Colletotrichum sp. {»=1115 nan)

Colletorrichum sp. (v2i1Tvanivd)

Colletotrichum sp. {(uod1mdunm)

Collctotrichum sp. (u:u"uom'?a)
Collevotrichum sp. {mroe?)
73

Colletorrickum sp. (nrapanin)
C

E oflctotrichum sp. (&)

Colletotrichum sp. (uzirwia )

Colletotrichnm sp. (n§isl3)
Colletotrichum sp. (nd1nnsumas)

100 C. atramenicrium

Colletotrichum sp. (nzi3ema)

C. lagenarium

—— 0.005 substitutions/site

Newrospera crassa

‘4 . . v . A g =3 a s [ 1]
Nl 23 Neighbor-joining tree AldRINASIA@TEREIAUILAATIAWHIIS IDNA 289
o v - & =t
B Colletotrichum spp.  Ausnldanfigendasinan sav 38 lalwan (lnad

o ol k2 *r . ‘g

Nurospora crassa \Ifu out group) GWiLLOUMULA tree udasmNIRUABULa
a L2 = A o L} g ar
AIALLE (0.005 = imsuideuwlaswa 5 walu 1000 duntessdauwg)
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Cotletotrichum sp. (vaun}

Cotlerotrichum sp. {13 11)
“ Colletotrichum vp, (Inmu)

Cotletotrichum sp. (080T}
Colletofrichum sp. (Humiu)

95 Colletorrichum 3p. (uz112)

92

99

Collerotricham sp. (&)

— Coliceomichum sp.  {nfiu)

Collevotrichum sp, (4z¥191%0 1110}
Colletorrichum sp. (3ez1i 13T wna i)
Colletotrichum sp. {nz3l210n301)
Colletoerichunt 5p. (anierad)
— G cingulata (ABDNET219)

G. cinguigta (ABO9T218)
‘Er C. glocosporioides (ABHT792)

C. fragariae (ABO8T221)

Colletorrichum ap. {dila)
Colletotrichrm 1p. ém:ﬁu)
Cotirtotrichum sp.{aonul1)
Collevoirichum vp. (Glntin)
Cotletoerichum sp. (niu)
Collentrichum sp. (rrgauin)
Cofletarrichum sp. (s}
Colletotrickam tp. (¥ 11¥a 1utn)

Collgotrichum wp. (Hlamuazeu)
Collesotrichum sp. (Winnnu)
Colleiotrichwe sp. (0 wuel)

Colletotrichum sp. (41:¥11)

‘E{ Cotlctotrichum p, (W3 19n3uriin)

G. clngulata (AF48877T)
G cingulata (AB88T2IT)

L Colletotrichum sp. (&) s
Colletoerichwm sp. (vd1010 11

_‘ Collctarrichum sp{n&wmasnas}
C musae (ABOST220)

G. graminicola (ABO5T436)
C. sublineglum {ABU57438)
C. dematium {ABO46607)
C. graminicola (AF059676)

C acutarum (AF207793)

96 . acutatg (ABB42300)
G. acutaia (AFASB718)
C. acutarum (AF207794)
G. acutarg (AB042301)

C caudatum (ABO2304)
. orbicufare (ABO41208)
C tindemurhiouum (AB087222)
€. lapenarium
C. mrifolii (ABOST2L3)
C. linicola (ABO466DT)
C. linicola (ABO45609)
G glycimes (ABO57435)
C higpinsianum (ABJ423)2)

C. linicola (ABO5S743T)
Collrtotrichum sp. (s=130mn)
C atramentarivm

Colletotrichum sp. {Pizdn)}

l 00 Coltetorrichunt 3p. (ugu&)

——— Colletorrichunt sp. (§10nd0a)
Colictourichum <p. {w3n)
Colletotricham 3p. {Wiaaratou)
Colletotrichum sp. (warfiiuT lsian)
Colletomicham sp.  (ofiy
C. dematium ABO&&GO&
C. dematium (ABO42310

-~ 0.005 substitutions/site

P

73

:E . Y - A » = o L o ]
AN 24 Neighbor-joining tree AlAnNMTIATIEROALLARTIAILALY TDNA 189

WMo Colletotrichum  spp.  fusnldnnfivendesnen  ludssnelng 523 38
' w a v = e
Toloan $:wrudan Colletotrichum spp. Bun ($ayaann DDBJ) dnsau 27

e =l
WIBNUG laed Nurospora crassa Ju out group

dwiuuouduled tree wassen

A o a =L A o '
madeuulasdauiud  (0.005 = imawdsusadwa 5 walu 1000 Fumia

N NGRILTISIE )
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7. andnsnanmaaas

MInMsAnEanaEneduginewssdon Colletotrichum spp. Tugnldaniiy
ndeman u 52 vin 88 lelman (mmed 5) wudvden Colletotrichum spp.
dhupemedagineidanuiudsgann  Tasawsdnunclaloidadidsuddum &
e vdam uazfinisa$a conidia ANTMNINTUANAT TPUIAAILS 3.00-4.68 ( 9.89-
1434 lumsou a4 appressoria ﬁv’auuuﬁm‘%ﬂuuazﬁmqm fUnaniue  5.70-13.73
lumsay Tnedanfluenlddulnalifinea®s setae luowmnsdeade snculalmaniiuen
Tonnuzinafisslaloander  d sy sclerotia wuahafsslalaaneinis Sadnwas
UAsNUIAYDY conidia WA appressoria TINDIGNBME colony NSENS sclerotia Uds setae
vugmndssdaiieruuansneiy

dmiudanmassydulnrendan Collerotrichum spp. wudhdianuuaneisdiy
17 3 . e ~ e o 2 '
asug 0.82-1.72 wufiasaaiu Wawdnduunlaaldwannoeives Sutton (1980) Wi
° 1.4 P 2 ° 2 ..
nnSwudenrivun 88 laToanfiuenld eunsodwunldifudan € glocosporioides
=4 =4 L4 r-y =X e A Ao J EJ p= " ﬂz
fla 54 lalwanannfizardpin 22 via lneRoadeiuenldiuiuamanfigadausaiieis
Las = . .
muuenldta 23 laloen vanawniliiludon C. capsici, C. coccodes waz C. lagenarium
L] ’ J A = ~
ataas 2 lalwian, C graminicola 1 lalmen dwud@en Colletotrichum spp. Twwdsd
@l o - l:l A L . d - 2
anmurduginefaruneduue immsoduunaliala

dmdudenfiuenldnnndieven wasndemivi Miinesouinluden € musac
(Sherriff ugzAuz, 1994; Al Zaemey udzAtuz, 1993; Sreenivasaprasad UfisAtuz, 1996)
wirndnwamadngnanefienmmludenfuenldnnadievenuasndethh  lums
naassiinutn vedveslalail, e conidia wasmIaia sclerotia lupnadeadaniy
daruenldinzduda C gloeosporioides aenalsimiu Hodson washtis (1993) 1d
MenuBeuduRusiueendan C musae NiaNudunusind@anu C gloeosporioides
gunn  fenuuandarasdnsmsneduinainuwesnaifsadeiuansislianens
Hugsanuuanmalussdy subspecis oty aalidunsdveanisd@nnluadifiasiuun
Jonananlily ¢ gloeosporioides  dnlunsdivasdaniauenldanninisg fnean
mmaswunlmmedssineduiiud® € sublineolum W38 C. graminicola
(Sreenivasaprasad W8sAMy, 1996; Sheeiff uazAuz, 1994) %aﬁﬁ’num:maﬁ’mgmﬁﬂm
waneanianiugdiihmndnwesdugs dduludenduanldannidmaluadsil
aswunliiude C gloeosprioides D AARDINLMIIIENUIDINAANUAAE (2537)
dmduidaniu veniuswnsesuunsiialdnuandlumsd s
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dmiumsfinmmsuenadaidwennmadendulesandson € glocosporioides
Tuawins PDB dpthinanaedailédaulasmnann Rogers uax Bendich (1988) Taaldy
#5 CTAB wotidulsfvmnsanlunnhinadadduemsiogdsana 1-2 Y o
Wduletisdou & polysaccharides vioe yhldmsanadeuasaznaudiduadildmnsoazme
ldieaenals Amawuhludanunlelaen acneufiduedldasmeenuaiomusagely
seaneldiedy Taehllguitgomod 65 asnwad@edly water bath winddwadily
asanepnauilulaedn butfer inndu Fmuhamnsazmeaznauldvwuanndleds uas
anrsoiniasnsiluaauasldled

msliinaiia rDNA sequence Tumsdnmanudimiusmaiugnssiasdan

dwiumsinmanuduiusmaiugnssureadaniuenlély  nnsdmiden
u 13 loloan nd@ndrduwansadiunis ITS Ui rDNA nUIEPDIDERTIAUALS
ITS1 Hne 171-177 W uasdunis ITS2 Suwa 160-162 fid wasfisunus TSI
wHANNALLEINIIF ALY ITS2 uaz 5.85 Aafimnmtiwls i 27.07, 11.73 uas 0.65
Wefdudmudial  dnudsuiuaassiumis ITSt JahamwmnsadumslifnFeudiey
paduNus T INaDFdie g veadan Colletotrichum ldanindumiaun Tacenndas
AUTIEUY8Y  Sreenivasaprasad  (1996) filddnwanaAdwads (homology) Mmialu
funis ITS1 lunguyasdan Colletotrichum sdfidismunfianuadieadsnuaglug
s8¢ @ 92 wlefdud  warlumanBeudsuddueanin alidenn veaden
Colletotrichum  ugz\88T N. crassa 3mianeinegly  Pyrenomycetes wuhiiamy
aduadstiy 51 89 60 % (Mills uozawz, 19922) uananfwesidud G+C content 1u
duvtis ITSI flnnndduemis 1ITS2 Fuladifud GiC iamuddunnsaaniouisd
AUUANEIaUTeTIld WY Takamatsu wazeiz (1998) Tenwimweidud G+C
content 1uidlas1 Blumeria graminis fiaiasni@enudlwniiiuystaiufivnniudese
Fadefosonendnuneiin Weendesn B, graminis udwuh  UnAdemdingnd
gamgiitmnsanlumasBymnidenuildu 1 wesdudannguidsfiswheefsly
dnfer walimmeRnludsg Gy

Tumsiansine distance coefficient Tusumis 1TS1 alilumsAnsanu
dunusIRLGENITIEBNTBT  Colletotrichum  Tasdn distance coefficient  tpauriilns
Janesiienudmiusinddadimngdy  vinnenudimsdmnluihgdy wuhlumsia
Swundan Colletotrichum udazailidoaniiniinsdasendue distance coefficient AIUA
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3.6 Lﬂaﬁfﬁuﬁﬁum (Sreenivasaprasad wdzAz, 1996) @Ina1U dam C linicola uoz
C. destructivum a359Rogluellididediudiefia distance coefficient (e 1.1 (ofidud
o C. fuscum uaz C. kahawae ﬂ?iﬁﬂﬂﬂiﬂﬁﬂ%ﬁtﬁﬂ?ﬁmﬁaﬂ C. glocosporioides lag
dasrmmeswdidiaruuandannden C gloeosporioides g 0.6 uas 3.0 wWoddud
muday (Judy Jeezaeaadaant Shernff uarams (1994) Alasiesnunsida distance
coefficient Tl3zanay 3.5 wWasidud Tunsuenadidveadan Colletorrichum wiuda

NAMINaaeiluasifiginug phylogenetic wee AldvnnsuRsufauiiaiiwa
asadumis ITS1 saadlen Colletotrichum 13 lalwanfiusnldonfoslinsne douiu
dduwarentian Colletotrichum 17 oifitd Afmsruly DDBJ wuhannsoutindas
deandmsanldiiudingude nquivilasznauludmedan 9 lalmanda vouit (mladninse
nszuan), tnau, Tlnds, wdl, dila, muw, e, du uasaunda ‘iﬁagﬂﬁi’ﬂﬂghﬂ&jmﬁm
fudean C fuscum, C. gloecosporioides Waz C. kahawae #3861 distance coefficient
A 0.0-35 wWasidud nauficenssnavlldindan C. musae uas Colletotrichum sp.
laTmanfusnldnnndiennd gndnlvieglunduiieniudiae distance coefficient 1.2 %
naufimalszneuldedon Colletotrichum spp. apdlalman [FalaTmanfusnldann
vaud (sasgliAen) uaznse@e7] uaz C. capsici lawdfi distance coefficient 31nN71 3.6
Wasidud (Aalia 5.8 uar 7.6 wWasildudauaal) dmsUan distance coefficient 53W713
Forloluaniuenldnnuawd wasnslefidnmdt 17 weddud uaznguiidysznay
faenilon Colletotrichum sp. lalmanflusnldanuszdama Fgnineglungudsiuny ¢
linicofa, C. destructivum, C. dematium, W8z C. coccodes (ﬂ'”l distance coefficient (MU
1.7, 7.6, 8.1 uaz 9.8 wosFudawany)

- P ' . . =AY v e a

WeufSeudleue distance coefficient ugseadn tree Aldiflaunuuamsdnm
ar ar = 3 &F @ o g . <

anwsmaduguingewud  lumsiadwuenellddenndon Colletorichum  Aildluns

J ar e & e L =y "“ €L
naaesil  wuelIdmsindwunlaeordednuusndugiinensaaandanuaan sAnm
o @ A9 w & [ ' .. P P e o .
dduwaild fmathadn  Fonlualdd C  glocosporicides Fadlanfimssadmunat]

X =1 1 . 3 1 o« w .
melunguilasiin distance coefficient s 3.6 Wadiiud Tuaaadasiunenuvas
Sreenivasaprasad WazAnes (1996) wasapanaaentItmmedunlae Sutton 1wl 1980

* = A nr = =l o ~ =h

pncumernmsdnsdaniuenidninueud  waznsuden  Hullmlasiudhwowadieden
P ° 4 o woes o = Y e o [ - " V
Warnmsaadwunlaelidnsanduginewanldfodaaglu € capsici  udInm
. . ELiT ' I e o=t = 3 .. v oo
distance coefficient fildiiengind1 3.6 wefiud Jafieuiude C capsici Ailddeas
w & = v w 2 . .2 4
dnunammeaniillumeandainmeauaas Sreenivasaprasad uezaNz (1996) Nail
J Cl A Ju o = =i @ or T
anilasmnmside luslBdigliimsd@nnlunsandeanmin - sasenvenansadauis
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ponniniulddn (aedaeamduaiiidiu  seiily) Faflugafiineerinsdnugsluly
e uauenIInMenimsuwadSimanIgmamaluanadun  anldlunmsia
$wundan Colletotrichum Wi inafin RAPD (Mills uazaqz, 1992) uasmsdnmdae
tnaliA RFLP asiAunus rDNA uas mtDNA (Hodson uasAfue, 1992; Sreenivasaprasad
udzAE, 1992; 1993) 1Tudu

deRnsonan tree Aldwuh 9 lalmanvasden Colletotrichum spp. fiuenld
NNRIEINTIANUEN e lualTd@eINuAD C  gloeosporioides atalshmuwumelu
afddenuisinmnsodnsandundutesldin  Tmeaadosiufiinenulin  Fenlu
alfdilamuiudg uasinhemedsldeteniieme Suhesimssautsesniuatidd
Tmaildnnnimiliald (Sreenivasaprasad uazaquz, 1996) Fwwnmsiaszvlaslfinaiia
RAPD 1u 39 lalwianteuden C. gloeosporioides eansautsdionmanildnnni 12
ngu Faflanudamusiuunasa s A uazamMnaiUsEma (Mills uasAtuz, 1992) T
nenusmnaaaandaiuuamsiengy (DNA uar mtDNA teudaaiiddiseanaiia
RFLP (Hodson waz@tuz, 1992)

daRsanfsordusandanfililummasaesill  wBeudfsutudayaussdan
Colletotrichum spp 31 DDBJ wuindes) Colletotrichum Spp. fusnldninfigadesii
aszpamasosaeglunguidenduld  Tuwasfidanunlalnaniusnldnnisriiadentu
puandiuld dugy  denfuenldnnnuniligndraglunguiderduden
glocosporioides lalatan CGeofC Tausnldmniseiiadiendu winauliaaglunguden
ﬁ’mﬁﬂ‘ﬂ C. glocosporioides lalaoem 203 uaz AV3/L ﬁuﬁlﬂlﬁﬁ]’mﬁ‘ﬂ Aeschynomene
virginica Waz Persea americana @wawy (dudy  wennndfiinesnuiden ©
glocosporioides finpnldgmnmudlaifanuduulsnnindadisuiude C. glocosporioides
fusnldnnfivadesiingufinulérialil (Hodson uas@nuz, 1992; Sreenivasaprasad u@s
Aniz, 1993) dsnnns@nwlae  Shernff uazame (1994) l@msa$a phylogenetic tree
nndrabiualusumis Domain 1 (D1), D2 uas ITS2 wuindan C. glocosporioides Tl
uenldvnig Aeschynomene virginica, Mangifera indica was Malus domestica @110
Tnaglungudetule aenslsimudeiinemumasatiufiguduidan C gloeosporioides
fusnldnnfisansiasuin  dulngdeinniensvidmenaiamenfinen wu ms
Anwtaguuvvesuaufdueuy (DNA %38 mtDNA Alsaininaiin RFLP (Hodson u@s
A, 1992) w‘%agﬂuumaauﬂuﬁuﬁmﬂﬁlﬁmnmﬂﬁﬂ RAPD (Mills et at., 1992b) =iz
wowdnan duly flaesnnfesdluouadedy RElWduhienududsnnmeludon

C. gloeosporioides g0
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lunsdiveadan  Colletotrichum  spp.  flusnldmnusaingsn 7 MuRUGlauA
Femfusnldnnuzainemdinnn use enses Tunatiud ui Foms washeenlsl 1nase
wienwdinusaRugna wun diensisseudneasmedudaginedoniada
isolates 3niiludan C glocosporioides AAEMsTaswunlag Sutton (1980) Wuien
fufifinanulumslssme (Mills ua=Atuz, 1992a; Hodson udsAnus, 1993) usiilaasnn
Sutton (1992) ldmsnuarsuansunumelungusaden C glocosporioides loawf]
nsuandnetuiififendndes iy nnesesaded dudu Taswsuendeanieaniuaas
ngu An C. gloeosporioides (Penz.) uaz C. gloeosporioides var. minor ﬁﬂﬂtﬁﬁ;ﬁtﬁﬂi’] C.
gloeosporivides ﬁn‘f'lﬁwmammamﬂﬁ’mj@mq TDRdANNUANA LN IR LGNS
snltFuiufhaulsflesihmafisduan@rinsmnansseuanuduiusmaiugnsseng
Womlunguil  Fsnmsiiensimdvuwalusn ITS vy DONA veudanfuenldan
ushanadamenug uazriimsaie phylogenetic tee nuhdAUaRldINTariade
wiseanidudngy  Jefienuuandnfwaidduwadiud 2-9 dwua  Tnedamniiuensin
WwHNAGUWIN andad Taeeiud wesnzinw® wuhdidwuwaasimurds TS wilay
fumnuszmsisieaglungudendy  dmderiusnldnnusiadenme  thaenld uas
s s idwusiuanenaithl hiudas isolates gnituuneanluainngs
Tamdanluusosnguiinlofifudanuadeafadusninnguaiud 9371 & 98.61
wadidugd %eaamé’mﬁ’umexa'mmsﬁnmmaﬁ’wuam%‘ﬁnmlmﬁjfaﬂ C. gloeosporioides
g lsausuunsnluavesusinlaelfinelin  RFLP  usnanuuanduasdaniisui
nnuideiy  Taswuhasfianwuananiursmiuseinufd@ueny  DNA  uae
mtDNA (Mills wasAge, 1992a; Hodson uasaquz, 1993) wenanilesinesunisi
maliamsiensdidduwalugan TS wu ONA  wldusnemuuandsesden
Colletotrichum spp. fugnldnnfiseiin@eiiu Wy € acutawm Ausnldnnanesusi
(Sreemivasaprasad WdsAtes, 1992; Freeman uaizdiuz, 2000) Judu sehalstauainua
manaaasluasil  wuhidsniusnldninusindamenugiuimduwaunndaduliinn
in Fudumnaulsflinhmaiadegiinedun  imesauAILANAIIMRLENTIY
{laann ONA umumisasdudaysng Fimsldiuunsfiovsadonlusedy genus uas
species 1# ualtivnzanlumahumageumeanuuandmalussabmenusresdlidia 4
TumsAnmesiil@isalénaeulaetimeadia AFLP indnmufoudisusal

FINMFATIEF AR IR ITS] 2899 Colletotrichum Tuasitiny
FenmnsouanIaNNANRUSTITETRdaIna 1A ssslsfiawdudan  Coletotrichum
UNaTEd Wy C glocosporivides WuwuiniualiFdnfanaumanvansrnsmeiuginn
mannuunlasadedneusmeduguineufiendindsn  Limnsousnanuuansnwes
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=y 1 ' JI R e o = =l = o P
@anmelunauiild  wasmis@nmlasodemalianmuaa@inguiesunaiialamafianid
< . ' e - as
Livszmnzaalunsfiesaplanuuanssswisaenudrendenld  dniulumsdom
E X w0 v o = 1 ar r .;' = o
asigiRelldimaiia AFLP anldlumsAnsudamelunguasnsraian@udail

mslfinadia AFLP lumsAnmanudunusmanugnsniwauden

‘i]’lﬂﬂ’]‘iﬁj&l'tj’llﬁvﬂﬂ C. glocosporioides Tuenldmnfiadesfinaan mu 15 wila
wdnmeiuiaEwedmnalin AFLP lagls pimer 4 6 a9 EcoRI-A/Mesl-CAG,
EcoR1-A/MesI-CAC, EcoRI-A/MesI-CAT waz EcoRI-AC/MesI-C WUNHRAKRENYDILOL
fauedldtineanuenaiud 200-1,000 ALUR (base pair) wdunUABU@AIITRE LA
fanunzaglugamnuenn  300-800 Auwd  wasawambainlimenuduiusieaden
wrazlalmanld  Jahnsesmibuouddueleewud  primer  EcoRI-A/MesI-CAG,
EcoRI-A/Mesl-CAC, EcoRI-A/MesI-CAT u@z EcoRI-AC/Mes 1-C ua@aauaudidus
flumnens (polymorphic bands) usunuuauninag 48, 27, 50 was 29 wauMNEIAY
amoudiduedildnn primer MA Aosnsovnnldvenanuuansaldndy 154 wou
Tnivinduinnuifanumnsaudamnhliiensimanudunusmanugnssy - Hiase
adaaiumamsnerumsisinadia AFLP ludan Trichoderma spp. (3umw, 2543) i
TWUT polymorphic band $IWIWNNATT 100 uoy  exfieniumnseafisstinnly
Jensimarudunusresdonld  duilummessiiliszdsnitowisAdueifiany
paglugi 300-800 Awd WasmnuaudBuedenudaou selsimulunsdfuoud
Buefusnaannndulid a1eunlldlaelsarasnalums n windu (O Neil uazamns,
1997) uslummenansadaiilds iy polymorphic band fifiansnvnzanfivaianlfiy
Foyalumsdanzilifianasuiufiezfinszasomlums run

= Y e oA e - Py w W g %‘ ..
FenuauRduedld dethimensimanudunudsenden C gloeosporioides
< ar ' =, 17 . ' A 1 ar 3 v J
NnzaABANTTiaNng 15 isolates wuhmmnsnulndanlunguainanaanlatilu 11 ngu
| v | > 4 o ~
Tﬂﬂﬂqun 1 Ysznaumedaniuenldanaasaiwsi (isolate 1 uax 2) nawfi 2 Usznavsie
al IR P o . o . v v o ¥y d
Fammlusnldnnviufia nawn 3 Uszneudedeniuenldnnndavesuasndaennt NeuN
[ 13 A k) o 1 A L 24 A i) @ U d
4 lssneudesidaniuenldnnals ngun 5 Usznaudeidianfiusnldanwsy ngun 6
1 ) lﬂ. L2 L] A L ci L 23 L "] !
Ussnaudiodaniuenldannusun naun 7 Usznaudadaniiuentaannniud uasiharha
o Iy %’ < » P Vo v %’ o - s o
naufl 8 Uszneuse@aniiuenldnnnin ngui 9 Ussnausmedeniiuenldaneds ngud
a ) w w v o Y o a w
10 Uszneudmedaniuenldnnadialy uesngufl 11 Umnaudedanfusnldnndy
v w N v L. &
(isolate 1 uaz 2) dludu Fwnuanimaasssinandiuldinden C gloeosporioides i
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dudanfiianuiumaeeseiseds wasiianuduulsnmeluaiiidgs  nisdadun
denmelungudamudnuosmadugninafiseinderbimnsossnunld e
AN dendrogram  wuMInguypsFanfluansnud@musifueuy  monophyletic
ldundendiuenldnnusing ansawss wanivfin wesdandusnldnndeman nda
Wh @l weswn  dfumnfinsenludunsausilasiuiisa YIONIAANUS
dumusaden C gloeosporioides TuRINIEBINANAIMANBLNTG  cross  infection
melunguraadaiuanenudmusingdady damninenumsssiuswiaian ¢
gloeosporioides Tugnldnnuoawoud uoihila alamla wmide pecan (Freeman uds
Shabi, 1966) uax@ian C. acutatum flusnldnnuailife #y pecan Teawimnlalaaniii
nmmasausnIosauinuld wadianuainsolumsiliifialsauandienulil

dmiumniunaiia  AFLP - smaasidldlumsfnmenudinusmanugnssues
danfusnldnnuzin 9 mevug sau 16 laToan nuilduau@Bueidu polymorphic
band 7% 160 uou Feewnsodauudenny 16 lalmanaanldidy 4 ngu (cluster
analysis Tif simarity YNAY 0.7) ﬁamjnﬁ 1 ssnausiadeniuenldannuzainuia (1
lalman), sauwna (1 loloan), Teaawud 3 lalaan), snset 3 loloan), mitnaniu
(1 lalwan) uaswussum (3 laloan) nguil 2 Tudonfienldainuzsimase nanfl 3
sudeniusnldnnusaindenmes  wesnguil 4 Judanfuenldnnussiinhnenlsl
MTNNMIFUNANAT bootraps Tige wdze1 r Uil 0.9908 TeuisdldAsuunngs
dandmamwnsndiuiissnsuiuldlaeiill  sasadaaiunenuee:  Gonzalez uszAs
(1997) Alswasuunds C. lindemutianum Wilszneundlnlpeldinaiin AFLP wui
Fafsaduunldnnirnenugideriufienudunusinddory  uwosssuansenndend
senldanAgsnaenugiu

gwsunalnfifledesivanuiulsmeluai@disadon ¢ glocosporioides i
lajusifn wAm@T heterokaryosis uy parasexuality anuidummadAnivhldifaanu
dunismelunguld’ (Alakakoon udsAfuz, 1992) UAXIINTIBITLYBY Masel udsANL
(1990) filddAnwludan C gloeosporioides fuanldan Stylosanthes spp. HANU
Auwdsg  laeanududsdana1amndzfinein  chromosome  rearragment  JvWIN
somatic growth Wi parasexual combination uazm%ﬁwaﬁtﬁﬂﬁnn mutation, insertion
¥38 delection Fumhliiamauasuuaainalasiuloy wasdsnainliidaanvanas
adinamesdaiuanummsolumadnhaefivaderiionien  Idgedn  ilvisiany
Tz zwsefsodege (§1lag Alakakoon udzAnuy, 1992)
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A lunsiinuiuneiin AFLP tnfluneadafiinlssdnsnmngs wansand
wihinlidnmanudunusmelual@dsendan € glocosporiorides 16 wanvniigahy
meateRlffduelumiansiios uasnondaues PCR Waaidate awsolfdnm
anudunus v adaneluedifdfeiuddifsandouaneiuled

8. #nluammaana

NAMsAnansEIdgIneYesdlan Colletotrichum spp. fusnldainiiy
B M 52 1ia wuhownsaeendenainanlénn 88 lalman Tasswunld
Wudan C. gloeosporioides 54 lalman (nfiverds 22 via), duden C capsici, C
coccodes Uy C. lagenarium DENGT 2 lalman, dwden ¢ graminicola 1 1alaan
dnudan Colletotrichum spp. Tundemrifidhuasdugimendmuienuddiaunsn
Puuntialed

dathidandinanatadduaielflunsinmdandrine  auddisauas
19NI5Y89 Rogers uae Bendich (1988) Taeldas CTAB wuindulefdesiuems
PDB masfimenglaiiu 2 fu uaswamsadamiduenuilddBueiiannmd wansish
wMATzdItmatin rDNA sequence uaz AFLP

dwmiumsinnsiasualugnidon TS weuden  Colletotrichum  spp.
fmmsdgunsiau 13 lalmen Faldundaniuanldnnmud, s, flmds, dils,
wa, du, dunda, veud (seininsinszsuan), Tnaw, ndenivh, uaud (adasadng),
nsueT uasr@amd WUTEWLWERTIEIUME TS SIMILNImIuBIfunsIi i
18S uaz 285 rDNA fwwnelszui 639-645 fuwd uasanuduwlsludunus 171 §
wanilusurus ITS2 war 5.8S (27.07, 1173 ues 0.65 wafifudmuddy) e
fin1san phylogenetic wee fild wui1 Won 9 lalmanfusnldnnud, Tnau, $1vhe,
vaud (alasninsinszuan), Dlndie, wdl, dile, cuade, wasdn Iaaglunduidenduni
das1 C. gloeosporivides doaadpiumssaiuunlasandednunsnadugninanay
48909 Sutton (1980) uaslalmanfuenldnnndmivigndeeglunguidenduden ¢
musae  widneEamMIdugnAneidnmldiaiwundenlalnandinanegludan ¢
glocosporioides dmiudanlalaanfiuenldnnueud uaenssden Fsidnsnzalasadn
Aengndregtungudeniudan ¢ capsici ganedasiumsianaunmadugninefile
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J J d h 2J =k A \ R o -
wvannniidelalnanfuenldnuzdameannlssmadiu - wuhasmssasuunasandos
Aumawnviaduuadedaegluden C coccodes

uanmﬂﬁmnmstjuﬁu%raﬁ C. gloeosporioides Auenldvinfigerdasan su 15
lolaan n@nwanudumusnanugnasudmemaiin AFLP Taeldlwawad 4 ofia @n
primer EcoRi-A/Mesl-CAG, EcoRI-A/MesI-CAC, EcoRI-A/MesI-CAT uaz EcoRI-
AC/MesI-C WUl primer udszgazl¥nandaninliiter PCR lduoudidue faansaly
vanANNuANEsNIeluaTTd wesunuRiBuefiussaneRuWadueiduendnuciues
alfdld WehmeRuiAduwefUnnguu AFLP gel sfiwmsidmallsunsueonfiomed
NTSYS version 2.0 uasthawdanduless UPGMA vwuhmwsouisdeniungsiloonld
dhe 11 ngu (Aie similcaity 0.70) Tasnga 1 Ussneudedemniuenldvinaasawes
lolmanil 1 was 2 nauil 2 Usneudedenfuenldnniufn ngufl 3 Ysneume
demusnldnnndeveuuasndieinh ngufl 4 szneudedaniuenidanndly ngud
5 Ussnaumedaniuenldnnmdy ngudl 6 Usnoudidoniuenldnnusun ngufl 7
Usznaudedaniuenldnnnud uasdnode ngufl 8 tsznaudsdaniuenldnnwin
ngufl 9 Ussnaudedeniiuenldonds ndufl 10 Usneudedeniuenldnnndaslsy
wasngudl 11 Ussneudedanfusnldnndy 1 ussdu 2 MINHAMMeARIRINEIIMUT
@am C. glocosporioides smludanidanuinwizsemadmiaefivendy ussiianu
duntlsmelualidgs  sniudaniuenldnniuasmud  Juanenudimusings
funnuasgnsalilundandiend  Bunafin AFLP  iudhunafieflfluns@nmean
dumusmanugnsssaadanlualfddieduls dutufildnageuivdaniuenldain
V2N 9 EERLERINGINLED
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qama quaed. 2541, ABusiTavane: WiaaaneneRugnssuiandty, wh 6-9. Tu
wneslssnaumssuninfuasan@iinenulsafis asn 2 Gas msliiaiemine
luanawasarpfisrdduedmiendsedulsafi, 12-13 woumeu 2541, ma
INlsaRy AuznBes WTINedsInuaseNans IneneafuniLe, uanlg.

Juawn Bandiiun. 2543, mstwunsfialden Trichoderma spp. lagndbanuurdugiu
MeNuAsHIEANNALEUE uaznagaulsdninmulumsauanlsanissaufuses
AxtNTAANMTET! Pythium aphanidermatum. Anenfinusioanin wminends
WNHATANERS. 70 Wi

a ' . & o ot
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Bun.
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=t L] L o A’ - L] =3 =) ar F-9
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wnenaedealni. 65 wih.
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= - =9 1 1] J L]
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75.
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Usfie sznadond. 2528, Wanmuwglsafy. mainigineweslsafy ansinuasenand
UHTINENABYDULNY. YOURAW. 96 WD,

Usmfine @31ad. 2538, lsafgdinen. AA399715nHY  AREHBANISNNIINEAT §011UU
malulafinsinwasudly, Fwealnd, 764 win.

WiNugs  gwdbanig. 2538, wmalanmsuunnugfed1edd  Random  Amplified
Polymorphic DNA (RAPD), u. 39-60. lu waasdsEnaunistnausamaisnig
- " s o W " b d
$13N miﬂi'ﬁluﬂﬂﬁ"IElWUQW‘IIG’I'JElmﬂﬁ' Isozyme pattern Wiz RAPD" a5 1
' er A . a e Y - -
SERINMUN 24-28 nsnguan 2538 @ dedjjuamsiasuazGaulgniimaaas
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a P wal o -4
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gloeosporioides. uNUNHAS. 13: 295-300.
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0.5 M EDTA (pH 8.0) 100 §iaddes

|4 w a @ ar . ¥ &r P . ¥ = o =
pANEMINNAUNAI9nY  1I5UBSnasdietnnaulild 1 §as nuudai i
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15) 10X Tris-Borate Buffer (10X TBE Bufter)

Tris base 108 NSy
Boric acid 55 N5y
0.5 M EDTA (pH 8.0) 40 ioddng

& PV ar ar @ ¥ & " = Y o o Pe
paNEsNAENaIenY  USuBuaseisnnaulild 1 8es anuudei iy
&
K1)

16) 5X Tris-Borate Buffer (35X TBE buffer)

Tris base 54 54
borc acid 20 yadans
0.5 M EDTA (pH 8.0) 20 Jadbas

& ) @ ar & Py EH = e 2 . &
pENEINNENAIeR Y YSBnaswla 1,000 Jaddns amindaihlyiedgs

17) TE Buffer
10 mM Tris-HCI| (pH 8.0) 0.1  daddnag
| mM EDTA (pH 8.0) 0.02 HNadfng
a; . F- 73 24 24 T ’0’ b & = = &’l =1 2
HEUATTHRUALEIRIBNY ﬂmlﬁmmme}mﬂau‘lw"lﬂ 100 UABRAT NUUALUN
liflesnde

18) 3M Sodium Acetate (pH 5.2)
sodium acetate.3H20 408.1 A5y
azaneenstuthndy U5 pl WA 5.2 e glacial acetic acid waztfinfnasde
vhnaulle 1 das antiusaihluishde

19) standard PCR buffer (10X )

-~ 100 mM Tris-HCI (pH 8.3, 25 a3enLuaide)
500 mM KClI
15 mM MgCI2
1% Twin-20

- 0.1% NP-40

17 v v ow & g o s &
NENENITNIRNA LAY nwud s liiasnde

20y 4.5% polyacrylamide gel
* MILeseN 4.5% polyacrylamide gel stock solution
- acrylamide 76 nsy
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- bisacrylamide 4 n5u
azanelaetuiuy hot plate ud1Sutmnesdy 200 ml. ihldyiadruiui 4 nsen
A

* NS denaturing 4.5% polyacrylamide gel

- 4.5% polyacrylamide stock 5.625 {adang

- 10X TBE 5 Uaddng

- Urea 21 N5y

- YSuiBmnasdasinau 50  dadans

- 10% Ammonium persulfate 300 lulesdas

- TEMED 100 lulasies
21) Silver staining

- AgNO3 1 nsu

- dH20 1 ans

- Formaldehyde 1.5  §addas
22) Developer

- Sodiuvm carbonate 30 A3

~ Sodium thiosulphate 0.0l NSy

- Formaldehyde 1.5 Jaddns

23) Sequencing dye
- 98% formaldehyde
- 10 mM EDTA (pH=8.0)
- 0.3% xylene FF.
- 0.3% bromephenol blue
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o X 3 . J’ ar
(M)  MAUUFANA WAL ITS1-5.8S-1TS2 424851 Colletotrichum spp. Ausnldan
AYDIABAIT )

1. ns@e (Curcuma) (645 base pairs)

AAGTAAAAGTCGTAACAAGGTCTCCGTTGGTGAACCAGCGGAGGGATCATTACTGAGT
TACCGCTCTATAACCCTTTGTGAACATACCTCAACTGTTGCTTCGGCGGGTAGTCGTC
CCCTGAAAAGGACGTCTCCCGGCCCCCTCCCGTCCGCGGGTGGGECGCCCGCCGGAGH
ATAACCARACTCTGATTTAACGACGTTTCTTCTGAGTGACACAAGCAAATAATCARAA
CTTTTAACAACGGATCTCTTGGTTCTGGCATCGATGAAGARACGCAGCGARAATGCGATA
AGTAATGTGAATTGCAGAATTCAGTGAATCATCGAATCTTTGAACGCACATTGCGCCC
GCCAGCATTCTGGCGGGCATGCCTGTTCGAGCGTCATTTCARCCCTCAAGCTCTGCTT
GGTGTTGGGGCTCTACGGTTGACGTAGGCCCTCAAAGGTAGTGGCGGACCCTCCCGGA
GCCTCCTTTGCGTAGTAACATTTCGTCTCGCATTGGGATTCGGAGGGACTCTTGCCGT
AAARCCCCCAATTTATCTAAGGTTGACCTCGGATCAGGTAGGAATACCCGCTGAACTT
AAGCATATCAATAAGCGGAGGAAAAGAAACCAACAGGGATTGCCCCAGTAACGGCGAG
TGAAGCG

2. niziu (White popinac) (639 base pairs)

AAGTAAAAGTCGTAACAAGGTCTCCGTTGGTGAACCAGCGGAGGGATCATTACTGAGT
TTACGCTCTACAACCCTTTGTGAACATACCTATAACTGTTGCTTCGGCGGGTAGGGTC
TCCGCGACCCTCCCGGCCTCCCGCCTCCGGGCGGGETCGGCGCCCGCCGGAGGATAACC
AAACTCTGATTTAACGACGTTTCTTCTGAGTGGTACAAGCAAATAATCARAACTTTTA
ACAACGGATCTCTTGGTTCTGGCATCGATGAAGAACGCAGCGAAATGCGATAAGTAAT
GTGAATTGCAGAATTCAGTGAATCATCGAATCTTTGAACGCACATTGCGCCCGCCAGC
ATTCTGGCGGGCATGCCTGTTCGAGCGTCATTTCAACCCTCAAGCTCTGCTTGGTGTT
GGGGCCCTACAGCTGATGTAGGCCCTCAAAGGTAGTGGCGGACCCTCTCGGAGCCTCC
TTTGCGTAGTAACTTTACGTCTCGCACTGGGATCCGGAGGGACTCTTGCCGTAAAACC
CCCAATTTTCCAAAGGTTGACCTCGGATCAGGTAGGAATACCCGCTGAACTTAAGCAT
ATCAATAAGCGGAGGAAAAGAAACCAACAGGGATTGCCTCAGTAACGGCGAGTGAAGCG

3. nfemhh (Banana cv. numwa) (640 base pairs)

AAGTAABAGTCGTAACAAGGTCTCCGTTGGTGAACCAGCGGAGGGATCATTACTGAGT
TTACGCTCTGCAACCCTTTGTGAACATACCTATAACTGTTGCTTCGGCGGGTAGGGTC
CCCGETGACCCTCCCGGCCCCCCGCCCCCGGEGCGGETCGGCGCCCGCCGGAGGATAACC
AAACTCTGATTTAACGACGTTTCTTCTGAGTGGTACAAGCARATAATCAANACTTTTA
ACAACGGATCTCTTGGTTCTGGCATCGATGAAGAACGCAGCGARATGCGATAAGTAAT
GTGAATTGCAGAATTCAGTGAATCATCGAATCTTTGAACGCACATTGCGCCCGCCAGC
ATTCTGGCGGGCATGCCTGTTCGAGCGTCATTTCAACCCTCAAGCTCTGCTTGGTGTT
GGGGCCCTACAGCAGATGTAGGCCCTCAAAGGTAGTGGCGGACCCTCCCGGAGCCTCC
TTTGCGTAGTAACTTTACGTCTCGCACTGGGATCCGGAGGGACTCTTGCCGTAARACC
CCCCAATTTTCCAAAGGTTGACCTCGGATCAGGTAGGAATACCCGCTGAACTTAAGCA
TATCAATAAGCGGAGGAAARAGAAACCAACAGGGATTGCCTCAGTAACGGCGAGTGAAG
CcG

4, nmeaveu (Banana) (640 base pairs)

AAGTAAAAGTCGTAACAAGGTCTCCGTTGGTGAACCAGCGGAGGGATCATTACTGAGT
TTACGCTCTGCAACCCTTTGTGAACATACCTATAACTGTTGCTTCGGCGGGTAGGGTC
CCCGTGACCCTCCCGGCCCCCCGCCCCCEGGCGGEGETCGGCGCCCGCCGGAGGATARACC
AAACTCTGATTTAACGACGTTTCTTCTGAGTGGTACAAGCARATAATCAAAACTTTTA
ACAACGGATCTCTTGGTTCTGGCATCGATGAAGARACGCAGCGARATGCGATAAGTAAT
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GTGAATTGCAGAATTCAGTGAATCATCGAATCTTTGAACGCACATTGCGCCCGCCAGT
ATTCTGGCGGGCATGCCTGTTCGAGCGTCATTTCAACCCTCAAGCTCTGCTTGGTGTT
GGGGCCCTACAGCAGATGTAGGCCCTCARAGGTAGTGGCGGACCCTCCCGGAGCCTCC
TTTGCGTAGTAACTTTACGTCTCGCACTGGGATCCGGAGGGACTCTTGCCGTAARACC
CCCCAATTTTCCAAAGGTTGACCTCGGATCAGGTAGGAATACCCGCTGAACTTAAGCA
TATCAATAAGCGGAGGAAAAGAAACCAACAGGGATTGCCTCAGTAACGGCGAGTGAAG
CG

5. ndelld (Orchid) (640 base pairs)

AAGTAAARAGTCGTAACAAGGTCTCCGTTGGTGAACCAGCGGAGGGATCATTACTGAGT
TTACGCTCTACAACCCTTTGTGAACATACCTATAACTGTTGCTTCGGCGGGTAGGGTC
TCCGTGACCCTCCCGGCCTCCCGCCCCCGGELEGEGTCGGCGCCCGCCGGAGGATAACC
AAACTCTGATTTAACGACGTTTCTTCTGAGTGGTACAAGCAAATAATCAAAACTTTTA
ACAACGGATCTCTTGGTTCTGGCATCGATGAAGAACGCAGCGAAATGCGATAAGTAAT
GTGAATTGCAGAGTTCAGTGAATCATCGAATCTTTGAACGCACATTGCGCCCGCCAGC
ATTCTGGCGGGCATGCCTGTTCGAGCGTCATTTCAACCCTCAAGCTCTGCTTGGTGTT
GGGGCCCTACAGCTGATGTAGGCCCTCAAAGGTAGTGGCGGACCCTCCCGGAGCCTCC
TTTGCGTAGTAACTTTACGTCTCGCACTGGGATCCGGAGGGACTCTTGCCGTAAAACC
CCCCAATTTTCCAAAGGTTGACCTCGGATCAGGTAGGAATACCCGCTGAACTTARGCA
TATCAATAAGCGGAGGAAARGAAACCAACAGGGATTGCCTCAGTAACGGCGAGTGAAG
CG

6. mul (Coffee) (640 base pairs)

AAGTARAAGTCGTAACAAGGTCTCCGTTGGTGAACCAGCGGAGGGATCATTACTGAGT
TTACGCTCTATAACCCTTTGTGAACATACCTATAACTGTTGCTTCGGCGGGTAGGGTC
TCCGCGACCCTCCCGGCCTCCCGCLCTCCGGGCGGETCGGCGLCCCGCCGGAGGATAACC
AAACTCTGATTTAACGACGTTTCTTCTGAGTGGTACAAGCAMATAATCAAAACTTTTA
ACAACGGATCTCTTGGTTCTGGCATCGATGAAGAACGCAGCGAAATGCGATAAGTAAT
GTGAATTGCAGAATTCAGTGAATCATCGAATCTTTGAACGCACATTGCGCCCGCCAGC
ATTCTGGCGGGCATGCCTGTTCGAGCGTCATTTCAACCCTCAAGCTCTGCTTGGTGTT
GGGGCCCTACAGCTGATGTAGGCCCTCAAAGGTAGTGGCGGACCCTCCCGGAGCCTCC
TTTGCGTAGTAACTTTACGTCTCGCACTGGGATCCGGAGGGACTCTTGCCGTAAAACC
CCCCAATTTTCCAAAGGTTGACCTCGGATCAGGTAGGAATACCCGCTGAACTTAAGCA
TATCAATAAGCGGAGGAAAAGAAACCAACAGGGATTGCCTCAGTAACGGCGAGTGARG
cG

7. lneu (Garden Croton) (639 base pairs)

AAGTAAAAGTCGTAACAAGGTCTCCGTGGTGAACCTGCGGAGGGATCATTACTGAGTT
TACGCTCTACAACCCTTTGTGAACATACCTATAACTGTTGCTTCGGCGGGTAGGGTCT
CCGTGACCCTCCCGGCCTCCCGCCCCCGEECGEEETCGGCGCCCGCCGGAGGATARCCA
AACTCTGATTTAACGACGTTTCTTCTGACTGGTACAAGCARATAATCAAAACTTTTAA
CAACGGATCTCTTGGETTCTGGCATCGATGAAGAACGCAGCGAAATGCGATAAGTAATG
TGAATTGCAGAGTTCAGTGAATCATCGAATCTTTGAACGCACATTGCGCCCGCCAGCA
TTCTGGCGGGCATGCCTGTTCGAGCGTCATTTCAACCCTCAAGCTCTGCTTGGTGTTG
GGGCCCTACAGCTGATGTAGGCCCTCAAAGGTAGTGGCGGACCCTCCCGGAGCCTCCT
TTGCGTAGTAACTTTACGTCTCGCACTGGGATCCGGAGGGACTCTTGCCGTAARACCC
CCCAATTTTCCAAAGGTTGACCTCGGATCAGGTAGGAATACCCGCTGAACTTAAGCAT
ATCAATAAGCGGAGGAAAAGAAACCAACAGGGATTGCCTCAGTAACGGCAAGTGAAGCG

8. i (Sorghum) (640 base pairs)

AAGTABRAAGTCGTAACAAGGTCTCCGTTGGTGAACCAGCGGAGGGATCATTACTGAGT
TTACGCTCTATAACCCTTTGTGAACATACCTATAACTGTTGCTTCGGCGGGTAGGGTC
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TCCGCGACCCTCCCGGCCTCCCGCCTCCGGGCGGGTCGGCGCCCGCCGGAGGATAACC
ABRACTCTGATTTAACGACGTTTCTTCTGAGTGGTACAAGCAAATAATCAAAACTTTTA
ACAACGGATCTCTTGGTTCTGGCATCGATGAAGAACGCAGCGAAATGCGATAAGTAAT
GTGAATTGCAGAATTCAGTGAATCATCGAATCTTTGAACGCACATTGCGCCCGCCAGC
ATTCTGGCGGGCATGCCTGTTCGAGCGTCATTTCAACCCTCAAGCTCTGCTTGGTGTT
GGGGCCCTACAGCTGATGTAGGCCCTCAAAGGTAGTGGCGGACCCTCCCGGAGCCTCC
TTTGCGTAGTAACTTTACGTCTCGCACTGGGATCCGGAGGGACTCTTGCCGTAAAACC
CCCCAATTTTCCAAAGGTTGACCTCGGATCAGGTAGGAATACCCGCTGAACTTAAGCA
TATCAATAAGCGGAGGAAAAGAAACCAACAGGGATTGCCTCAGTAACGGCCAGTGAAG
CG

9. sanuh (Orange Jasmine) Dogkaew (639 base pairs)

AAGTAAAAGTCGTAACAAGGTCTCCGTTGGTGAACCAGCGGAGGGATCATTACTGAGT
TTACGCTCTACAACCCTTTGTGAACATACCTATAACTGTITGCTTCGGCGGGTAGGGTC
TCCGCGACCCTCCCGGCCTCCCGCCTCCGGGCGGGTCGGCGCCCGCCGGAGGATAACC
AAACTCTGATTTAACGACGTTTCTTCTGAGTGGTACAAGCAAATARTCAABACTTTTA
ACAACGGATCTCTTGGTTCTGGCATCGATGAAGAACGCAGCGAAATGCGATAAGTAAT
GTGAATTGCAGAATTCAGTGAATCATCGAATCTTTGAACGCACATTGCGCCCGCCAGC
ATTCTGGCGGGCATGCCTGTTCGAGCGTCATTTCAACCCTCAAGCTCTGCTTGGTGTT
GGGGCCCTACAGCTGATGTAGGCCCTCABAGGTAGTGGCGGACCCTCTCGGAGCCTCC
TTTGCGTAGTAACTTTACGTCTCGCACTGGGATCCGGAGGGACTCTTGCCGTAAAACC
CCCAATTTTCCAAAGGTTGACCTCGGATCAGGTAGGAATACCCGCTGAACTTAAGCAT
ATCAATAAGCGGAGGAAAAGAAACCAACAGGGATTGCCTCAGTAACGGCGAGTGAAGCG

10. duvAas Soybean (645 base pairs)

AAGTAARAGTCGTAACAAGGTCTCCGTTGGTGAACCAGCGGAGGGATCATTACTGAGT
TACCGCTCATCAACCCTTTGTGAACATACCTTAACTGTTGCTTCGGCGGGTAGGCGTC
CCCTGAAAAGGACGTCTCCCGGCCCTCTCCCGTCCGLGGGTGGGGCGLCCGCCGGAGG
ATAACCAAACTCTGATTTAACGACGTTTCTTCTGAGTGACACAAGCAAATARTCADAR
CTTTTAACAACGGATCTCTTGGTTCTGGCATCCGATGAAGAACGCAGCGAAATGCGATA
AGTAATGTGAATTGCAGAATTCAGTGAATCATCGAATCTTTGAACGCACATTGCGCCC
GCCAGCATTCTGGCGGGCATGCCTGTTCGAGCGTCATTTCAACCCTCAAGCTCTGCTT
GGTGTTGGGGCTCTACGGTTGACGTAGGCCCTTAAAGGTAGTGGCGGACCCTCTCGGA
GCCTCCTTTGCGTAGTAACATTTCGTCTCGCATTGGGATTCGGAGGGACTCTAGCCGT
AAAACCCCCAATTTTACTAAGGTTGACCTCGGATCAGGTAGGAATACCCGCTGAACTT
AAGCATATCAATAAGCGGAGGAAARAGAAACCAACAGGGATTGCCCCAGTAACGGCGAG
TGAAGCG

11. vufin (Pomegranate) (640 base pairs)

AAGTAARAGTCGTAACARGGTCTCCGTTGGTGAACCAGCGGAGGGATCATTACTGAGT
TTACGCTCTACAACCCTTTGTGAACATACCTATAACTGTTGCTTCGGCGGGTAGGGTC
TCCGTGACCCTCCCGGCCTCCCGCCCCCGGGLCGGETCGGCGCCCGCCGGAGGATAACC
AAACTCTGATTTAACGACGTTTCTTCTGAGTGGTACAAGCAAATAATCAAAACTTTTA
ACAACGGATCTCTTGGTTCTGGCATCGATGAAGAACGCAGCGAAATGCGATAAGTAAT
GTGAATTGCAGAGTTCAGTGAATCATCGAATCTTTGAACGCACATTGCGCCCGCCAGC
ATTCTGGCGGGCATGCCTGTTCGAGCGTCATTTCAACCCTCAAGCTCTGCTTGGTGTT
GGGGCCCTACAGCTGATGTAGGCCCTCARAGGTAGTGGCGGACCCTCCCGGAGCCTCC
TTTGCGTAGTAACTTTACGTCTCGCACTGGGATCCGGAGGGACTCTTGCCGTAARACC
CCCCAATTTTCCAAAGGTTGACCTCGGATCAGGTAGGAATACCCGCTGAACTTAAGCA
TATCAATAAGCGGAGGAAAAGAAACCAACAGGGATTGCCTCAGTAACGGCGAGTGAAG
CG
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12. umid (mlsinl@m) (Caladium) (645 base pairs)

AAGTAAAAGTCGTAACAAGGTCTCCGTTGGTGAACCAGCGGAGGGATCATTACTGAGT
TACCGCTCTATAACCCTTTGTGAACATACCTTAACTGTTGCTTCGGCGGGTAGGCGTC
CCCTGARAAGGACGTCTCCCGGCCCTCTCCCGTCCGCGGGTGGEGCGCCCGCCGGAGG
ATAACCAAACTCTGATTTAACGACGTTTCTTCTGAGTGACACARGCAARATAATCAARLR
CTTTTAACABACGGATCTCTTGGTTCTGGCATCGATGAAGAACGCAGCGAAATGCGATA
AGTAATGTGAATTGCAGAATTCAGTGAATCATCGAATCTTTGAACGCACATTGCGCCC
GCCAGCATTCTGGCGGGCATGCCTGTTCGAGCGTCATTTCAACCCTCAAGCTCTGCTT
GGTGTTGGGGCTCTACGGTTGACGTAGGCCCTTAAAGGTAGTGGCGGACCCTCTCGGA
GCCTCCTTTGCGTAGTAACATTTCGTCTCGCATTGGGATTCGGAGGGACTCTTGCCGT
AAAACCCCCAATTTTTCTAAGGTTGACCTCGGATCAGGTAGGAATACCCGCTGAACTT
AAGCATATCAATAAGCGGAGGAAAAGAAACCAACAGGGATTGCCCCAGTAACGGCGAG
TGAAGCG

13. veud (mfain/li) (Caladium) (640 base pairs)
AAGTAAAAGTCGCAACAAGGTCTCCGCTGGTGAACCAGCGCGAGGGATCATTACTGAGT
TTACGCTCTACAACCCTTTGTGAACATACCTATAACTGTTGCTTCGGCGGGTAGGGTC
TCCGTGACCCTCCCGGCCTCCCGCCCCCGGEGGECGGETCGGCGLCCCGCCGGAGGATAACC
ADACTCTGATTTAACGACGTTTCTTCTGAGTGGTACAAGCAAATAATCAAAACTTTTA
ACAACGGATCTCTTGGTTCTGGCATCGATGAAGAACGCAGCGAAATGCGATAAGTAAT
GTGRATTGCAGAATTCAGTGAATCATCGAATCTTTGAACGCACATTGCGCCCGCCAGC
ATTCTGGCGGGCATGCCTGTTCGAGCGTCATTTCAACCCTCAAGCTCTGCTTGGTGTT
GGGGCCCTACAGCTGATGTAGGCCCTCAAAGGTAGTGGCGGACCCTCCCGGAGLCCTCC
TTTGCGTAGTAACTTTACGTCTCGCACTGGGATCCGGAGGGACTCTTGCCGTAAAACC
CCCCAATTTTCCAAAGGTTGACCTCGGATCAGGTAGGAATACCCGCTGAACTTAAGCA
TATCAATAAGCGGAGGAAAAGAAACCAACAGGGATTGCCTCAGTAACGGCGAGTGAAG
CG

14. flndls (Begonia) (639 base pairs)

AAGTAAAAGTCGTAACAAGGTCTCCGTTGGTGAACCAGCGGAGGGATCATTACTGAGT
TTACGCTCTACAACCCTTTGTGAACATACCTATAACTGTTGCTTCGGCEGGTAGGGTC
TCCGCGACCCTCCCGGCCTCCCGCCTCCGGGECGGGTCGGCGCCCGCCGGAGGATAACC
AAACTCTGATTTAACGACGTTTCTTCTGAGTGGTACAAGCAAATAATCAAAACTTTTA
ACAACGGATCTCTTGGTTCTGGCATCGATGAAGAACGCAGCGAAATGCGATAAGTAAT
GTGAATTGCAGAATTCAGTGAATCATCGAATCTTTGAACGCACATTGCGCCCGCCAGC
ATTCTGGCGGGCATGCCTGTTCGAGCGTCATTTCAACCCTCAAGCTCTGCTTGGTGTT
GGGGCCCTACAGCTGATGTAGGCCCTCAAAGGTAGTGGCGGACCCTCTCGGAGCCTCC
TTTGCGTAGTAACTTTACGTCTCGCACTGGGATCCGGAGGGACTCTTGCCGTAAAACC
CCCAATTTTCCAAAGGTTGACCTCGGATCAGGTAGGAATACCCGCTGAACTTAAGCAT
ATCAATAAGCGGAGGAAAAGAAACCAACAGGGATTGCCTCAGTAACGGCGAGTGAAGCG

15, wywa (Chrysanthemum) (639 base pairs)

AAGTAAAAGTCGTAACAAGGTCTCCGTTGGTGAACCAGCGGAGGGATCATTACTGAGT
TTACGCTCTATAACCCTTTGTGAACATACCTATAACTGTTGCTTCGGCGGGTAGGGTC
TCCGTGACCCTCCCGGCCTCCCGCCCCCGGGLGEGTCGGCEGCCCGCCGGAGGATAACC
AAACTCTGATTTAACGACGTTTCTTCTGAGTGGTACAAGCAAATARTCAAAACTTTTA
ACAACGGATCTCTTGGTTCTGGCATCGATGAAGAACGCAGCGAAATGCGATAAGTAAT
GTGAATTGCAGAATTCAGTGAATCATCGAATCTTTGAACGCACATTGCGCCCGCCAGC
ATTCTGGCGGGCATGCCTGTTCGAGCGTCATTTCAACCCTCAAGCTCTGCTTGGTGTT
GGGGCCCTACAGCTGATGTAGGCCCTCAAAGGTAGTGGCGGACCCTCCCGGAGCCTCC
TTTGCGTAGTAACTTTACGTCTCGCACTGGGATCCGGAGGGACTCTTGCCGTAARACC
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CCCAATTCTCCAAAGGTTGACCTCGGATCAGGTAGGAATACCCGCTGAACTTAAGCAT
ATCAATAAGCGGAGGAAAAGAAACCAACAGGGATTGCCTCAGTAACGGCGAGTGAAGCG

16. win (Chili) (645 base pairs)

AAGTAAAAGTCGTAACAAGGTCTCCGTTGGTGAACCAGCGGAGGGATCATTACTGAGT
TACCGCTCATCAACCCTTTGTGAACATACCTTAACTGTTGCTTCGGCGGGTAGGCGTC
CCCTAAARAGGACGTCTCCCGGCCCTCTCCCGTCCGCGGGTGGGECGCCCGCCGGAGE
ATAACCAAACTCTGATTTAACGACGTTTCTTCTGAGTGACACAAGCAAATAATCARAA
CTTTTAACAACGGATCTCTTGGTTCTGGCATCGATGAAGAACGCAGCGAARTGCGATA
AGTAATGTGAATTGCAGAATTCAGTGAATCATCGAATCTTTGAACGCACATTGCGCCC
GCCAGCATTCTGGCGGGCATGCCTGTTCGAGCGTCATTTCAACCCTCAAGCTCTGCTT
GGTGTTGGGGCTCTACGGTTGACGTAGGCCCTTARAGGTAGTGGCGGACCCTCTCGGA
GCCTCCTTTGCGTAGTAACATTTCGTCTCGCATTGGGATTCGGAGGGACTCTAGCCGT
AAARCCCCCAATTTTACTAAGGTTGACCTCGGATCAGGTAGGAATACCCGCTGARCTT
AAGCATATCAATAAGCGGAGGAAAAGAAACCARACAGGGATTGCCCCAGTAACGGCGAG
TGAAGCG

17. winvu (Sweet-chili) (640 base pairs)

AAGTAAAAGTCGTAACAAGGTCTCCGTTGGTGAACCAGCGGAGGGATCATTACTGAGT
TTACGCTCTATAACCCTTTGTGAACATACCTATAACTGTTGCTTCGGCGGGTAGGGTC
TCCGCGACCCTCCCGGCCTCCCGCCTCCGGGCGGETCGGCGCCCGCCGGAGGATARACC
AAACTCTGATTTAACGACGTTTCTTCTGAGTGGTACAAGCAAATAATCAAAACTTTTA
ACAACGGATCTCTTGGTTCTGGCATCGATGAAGARCGCAGCGAAATGCGATAAGTAAT
GTGAATTGCAGAATTCAGTGAATCATCGAATCTTTGAACGCACATTGCGCCCGCCAGC
ATTCTGGCGGGCATGCCTGTTCGAGCGTCATTTCAACCCTCAAGCTCTGCTTGGTGTT
GGGGCCCTACAGCTGATGTAGGCCCTCAAAGGTAGTGGCGGACCCTCCCGGAGCCTCC
TTTGCGTAGTAACTTTACGTCTCGCACTGGGATCCGGAGGGACTCTTGCCGTAAAACC
CCCCAATTTTCCAAAGGTTGACCTCGGATCAGGTAGGAATACCCGCTGAACTTAAGCA
TATCAATAAGCGGAGGAAAAGAAACCAACAGGGATTGCCTCAGTAACGGCGAGTGAAG
CG

18. wiu (Persimmon) (639 base pairs)

AAGTAAAAGTCGTAACAAGGTCTCCGTTGGTGAACCAGCGGAGGGATCATTACTGAGT
TTACGCTCTACAACCCTTTGTGAACATACCTATAACTGTTGCTTCGGCGGGTAGGGTC
TCCGCGACCCTCCCGGCCTCCCGCCTCCGGECGGGTCGGCGCCCGCCGGAGGATAACC
AAACTCTGATTTAACGACGTTTCTTCTGAGTGGTACAAGCAAATAATCAAARCTTTTA
ACAACGGATCTCTTGGTTCTGGCATCGATGAAGAACGCAGCGARATGCGATAAGTAAT
GTGAATTGCAGAATTCAGTGAATCATCGAATCTTTGAACGCACATTGCGCCCGCCAGC
ATTCTGGCGGGCATGCCTGTTCGAGCGTCATTTCAACCCTCAAGCTCTGCTTGGTGTT
GGGGCCCTACAGCTGATGTAGGCCCTCAAAGGTAGTGGCGGACCCTCTCGGAGCCTCC
TTTGCGTAGTAACTTTACGTCTCGCACTGGGATCCGGAGGGACTCTTGCCGTARRACC
CCCAATTTTCCAAAGGTTGACCTCGGATCAGGTAGGAATACCCGCTGAACTTAAGCAT
ATCAATAAGCGGAGGAAAAGARACCAACAGGGATTGCCTCAGTAACGGCGAGTGAAGCG

19. #Wlawuasau (asdsdyy) (Philodendron) (645 base pairs)

AAGTAAAAGTCGTAACAAGGTCTCCGTTGGTGAACCAGCGGAGGGATCATTACTGAGT
TACCGCTCATCAACCCTTTGTGAACATACCTTAACTGTTGCTTCGGCGGGTAGGCGTC
CCCTAAAAAGGACGTCTCCCGGCCCTCTCCCGTCCGCGGGETGGGEGCGCCCGCCGGAGH
ATAACCAAACTCTGATTTAACGACGTTTCTTCTGAGTGACACAAGCAAATAATCAAAA
CTTTTAACAACGGATCTCTTGGTTCTGGCATCGATGAAGAACGCAGCGAAATGCGATA
AGTAATGTGAATTGCAGAATTCAGTGAATCATCGAATCTTTGAACGCACATTGCGCCC
GCCAGCATTCTGGCGGGCATGCCTGTTCGAGCGTCATTTCAACCCTCAAGCTCTGCTT
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GGTGTTGGGGCTCTACGGTTGACGTAGGCCCTTAAAGGTAGTGGCGGACCCTCTCGGA
GCCTCCTTTGCGTAGTAACATTTCGTCTCGCATTGGGATTCGGAGGGACTCTAGCCGT
AAAACCCCCAATTTTACTAAGGTTGACCTCGGATCAGGTAGGAATACCCGCTGAACTT
AAGCATATCAATAAGCGGAGGAARAGABRACCAACAGGGATTGCCCCAGTAACGGCGAG
TGAAGCG

20. Wlawuesou (aeiplld) (Philodendron) (639 base pairs)

AAGTAAAAGTCGTAACAAGGTCTCCGTTGGTGAACCAGCGGAGGGATCATTACTGAGT
TTACGCTCTACAACCCTTTGTGAACATACCTATAACTGTTGCTTCGGCGGGTAGGGTC
TCCGCGACCCTCCCGGCCTCCCGCCTCCGGGCGGGTCGGCGCCCGCCGGAGGATARACC
AARACTCTGATTTAACGACGTTTCTTCTGAGTGGTACAAGCAARATAATCARAACTTTTA
ACAACGGATCTCTTGGTTCTGGCATCGATGAAGAACGCAGCGARATGCGATAAGTAAT
GTGAATTGCAGAATTCAGTGAATCATCGAATCTTTGAACGCACATTGCGCCCGCCAGC
ATTCTGGCGGGCATGCCTGTTCGAGCGTCATTTCAACCCTCAAGCTCTGCTTGGTGTT
GGGGCCCTACAGCTGATGTAGGCCCTCAAAGGTAGTGGCGGACCCTCCCGGAGCCTCC
TTTGCGTAGTAACTTTACGTCTCGCACTGGGATCCGGAGGGACTCTTGCCGTAAAACC
CCCAATTTTCCAAAGGTTGACCTCGGATCAGGTAGGAATACCCGCTGAACTTAAGCAT
ATCAATAAGCGGAGGAAAAGAAACCAACAGGGATTGCCTCAGTAACGGCGAGTGAAGCG

21. wuiame (Tomato) (641 base pairs)

AAGTAAAAGTCGTAACAAGGTCTCCGTTGGTGAACCAGCGGAGGGATCATTACTGAGT
TACCGCTCTATAACCCTTTGTGAACATACCTAACTGTTGCTTCGGCGGGCAGGGEGTG
CCGCCTGCGGACCCCCCTCCCGGCCCTGCCCTCACGGGCGGAGCGCCCGCCGGAGGAT
ACCAAACTCTATTTTAACGACGTTTCTTCTGAGTGGCACAAGCAAATAATTARAACTT
TCAACAACGGATCTCTTGGTTCTGGCATCGATGAAGAACGCAGCGAAATGCGATAAGT
AATGTGAATTGCAGAATTCAGTGAATCATCGAATCTTTGAACGCACATTGCGCCCGCC
AGCATTCTGGCGGGCATGCCTGTTCGAGCGTCATTTCAACCCTCAAGCTCTGCTTGGT
GTTGGGGCCCTACGGTTGACGTAGGCCCTTARAGGTAGTGGCGGACCCTCTCGGAGCC
TCCTTTGCGTAGTAACTAACGTCTCGCACTGGGATTCGGAGGGACTCTTGCCGTAAAA
CCCCCAAAATTTTAAAGGTTGACCTCGGATCAGGTAGGAATACCCGCTGAACTTAAGC
ATATCAATARGCGGAGGAALRAGAAACCAACAGGGATTGCCCCAGTAACGGCGAGTGAR
GCG

22. wminn (Mango) (640 base pairs)
AAGTAAAAGTCGTAACAAGGTCTCCGTTGGTGAACCAGCGGAGGGATCATTACTGAGT
TTACGCTCTACAACCCTTTGTGAACATACCTATAACTGTTGCTTCGGCGGETAGGGTC
TCCGTGACCCTCCCGGCCTCCCGCCCCCGGGLCGEETCEELGCCCGCCGGAGGATAACC
AAACTCTGATTTAACGACGTTTCTTCTGAGTGGTACAAGCAAATAATCAAARACTTTTA
ACAACGGATCTCTTGGTTCTGGCATCGATGAAGAACGCAGCGAAATGCGATAAGTAAT
GTGAATTGCAGAGTTCAGTGAATCATCGAATCTTTGAACGCACATTGCGCCCGCCAGC
ATTCTGGCGGGCATGCCTGTTCGAGCGTCATTTCAACCCTCAAGCTCTGCTTGGTGTT
GGGGCCCTACAGCTGATGTAGGCCCTCAAAGGTAGTGGCGGACCCTCCCGGAGCCTCC
TTTGCGTAGTAACTTTACGTC TCGCACTGGGATCCGGAGGGACTCTTGCCGTAAAACC
CCCCAATTTTCCAARAGGTTGACCTCGGATCAGGTAGGAATACCCGCTGARCTTAAGCA
TATCAATAAGCGGAGGAAAAGAAACCAACAGGGATTGCCTCAGTAACGGCGAGTGAAG
cG

23. wand@suae (Mango) isolate #1 (639 base pairs)

AAGTAARAAGTCGTAACAAGGTCTCCGTTGGTGAACCAGCGGAGGGATCATTACTGAGT
TTACGCTCTACAACCCTTTGTGAACATACCTATAACTGTTGCTTCGGCGGGTAGGGTC
TCCGTGACCCTCCCGGCCTCCCGECCCCCGEGELGGEGTCGGLCGCCCGCCGGAGGATAACC
AAACTCTGATTTAACGACGTTTCTTCTGAGTGGTACAAGCAAATAATCAAAACTTTTA
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ACAACGGATCTCTTGGTTCTGGCATCGATGAAGAACGCAGCGAAATGCGATAAGTAAT
GTGAATTGCAGAATTCAGTGAATCATCGAATCTTTGAACGCACATTGCGCCCGCCAGC
ATTCTGGCGGGCATGCCTGTTCGAGCGTCATTTCAACCCTCAAGCTCTGCTTGGTGTT
GGGGCCCTACAGCTGATGTAGGCCCTCARAGGTAGTGGCGGACCCTCCCGGAGCCTCC
TTTGCGTAGTAACTTTACGTCTCGCACTGGGATCCGGAGGGACTCTTGCCGTAAANCC
CCCAATTCTCCAAAGGTTGACCTCGGATCAGGTAGGAATACCCGCTGAACTTAAGCAT
ATCAATAAGCGGAGGAAAAGARACCAACAGGGATTGCCTCAGTARACGGCGAGTGARGCG

24, wandsne (Mango) isolate #2 (640 base pairs)

AAGTAAAAGTGGTAACAAGGTGTTCCGTTGGTGAACCAGCGGAGGGATCATTACTGAG
TTTACGCTCTACAACCCTTTGTGAACATACCTATCACTGTTGCTTCGGCGGGTAGGGT
CTCCGTGACCCTCCCGGCCTCCCGCCCCCEGGLGGETCGGLCGCCCGCCGGAGGATARAA
CAAACTCTGATTTAACGACGTTTCTTCTGAGTGGTACAAGCAAATAATCARAACTTTT
ARCAACGGATCTCTTGGTTCTGGCATCGATGAAGARCGCAGCGAAATGCGATAAGTAL
TGTGAATTGCAGAATTCAGTGAATCATCGAATCTTTGAACGCACATTGCGCCCGCCAG
CATTCTGGCGGGCATGCCTGTTCGAGCGTCATTTCAACCCTCAAGCTCTGCTTGGTGT
TGGGGCCCTACAGCTGATGTAGGCCCTCARAGGTAGTGGCGGACCCTCCCGGAGCCTC
CTTTGCGTAGTAACTTTACGTCTCGCACTGGGATCCGGAGGGACTCTTGCCGTAAAAC
CCCCAATTTTCCAAAGGTTGACCTCGGATCAGGTAGGAATACCCGCTGAACTTAAGCA
TATCAATAAGCGGAGGAAAAGAAACCAACAGGGATTGCCTCAGTAACGGCGAGTGAAA
CG

25. wainlwamiud (Mango) (639 base pairs)

AAGTAAAAGTCGTAACAAGGTCTCCGTTGGTGAACCAGCGGAGGGATCATTACTGAGT
TTACGCTCTACAACCCTTTGTGAACATACCTATAACTGTTGCTTCGGCGGGTAGGGTC
TCCGTGACCCTCCCGGLCTCLCCGCCCCCGGGCGGGTCGGCGLCCCGCCGGAGGATAACC
AAACTCTGATTTAACGACGTTTCTTCTGAGTGGTACAAGCARATAATCAARACTTTTA
ACAACGGATCTCTTGGTTCTGGCATCGATGAAGAACGCAGCGAAATGCGATAAGTAAT
GTGAATTGCAGAATTCAGTGAATCATCGAATCTTTGAACGCACATTGCGCCCGCCAGC
ATTCTGGCGGGCATGCCTGTTCGAGCGTCATTTCAACCCTCAAGCTCTGCTTGGTGTT
GGGGCCCTACAGCTGATGTAGGCCCTCAAAGGTAGTGGCGGACCCTCCCGGAGCCTCC
TTTGCGTAGTAACTTTACGTCTCGCACTGGGATCCGGAGGGACTCTTGCCGTAAAACC
CCCAATTCTCCAAAGGTTGACCTCGGATCAGGTAGGAATACCCGCTGAACTTAAGCAT
ATCAATAAGCGGAGGAAAAGAAACCAACAGGGATTGCCTCAGTAACGGCGAGTGAAGCG

26 . wanwoine (Mango) (639 base pairs)

AAGTAAAAGTCGTAACAAGGTCTCCGTTGGTGAACCAGCGGAGGGATCATTACTGAGT
TTACGCTCTACAACCCTTTGTGAACATACCTATAACTGTTGCTTCGGCGGGTAGGGTC
TCCGTGACCCTCCCGGCCTCCCGCCCCCGGGCGGGTCGGCGCCCGCCGGAGGATAACC
AAACTCTGATTTAACGACGTTTCTTCTGAGTGGTACAAGCAAATAATCAAAACTTTTA
ACAACGGATCTCTTGGTTCTGGCATCGATGAAGAACGCAGCGAAATGCGATAAGTAAT
GTGAATTGCAGAATTCAGTGAATCATCGAATCTTTGAACGCACATTGCGCCCGCCAGC
ATTCTGGCGGGCATGCCTGTTCGAGCGTCATTTCAACCCTCAAGCTCTGCTTGGTGTT
GGGGCCCTACAGCTGATGTAGGCCCTCAAAGGTAGTGGCGGACCCTCCCGGAGCCTCC
TTTGCGTAGTAACTTTACGTCTCGCACTGGGATCCGGAGGGACTCTTGCCGTAARACC
CCCAATTCTCCAAAGGTTGACCTCGGATCAGGTAGGAATACCCGCTGAACTTAAGCAT
ATCAATAAGCGGAGGAAAAGAAACCAACAGGGATTGCCTCAGTAACGGCGAGTGAAGCG

27. wabaneenli (Mango) (641 base pairs)

AAGTBAAAGTCGTAACAAGGTCTCCGTTGGTGAACCAGCGGAGGGATCATTACTGAGT
TTACGCTCTACAACCCTTTGTGAACATACCTATAACTGTTGCTTCGGCGGGTAGGGTC
TCCGTGACCCTCCCGGCCTCCCGCCCCCGGGECGEGEGETCGGCGCCCGCCGGAGGATAACC
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AAACTCTGATTTAACGACGTTTCTTCTGAGTGGTACAAGCAAATAATCAAAACTTTTA
ACAACGGATCTCTTGGTTCTGGCATCGATGAAGAACGCAGCGAAATGCGATAAGTAAT
GTGAATTGCAGAATTCAGTGAATCATCGAATCTTTGAACGCACATTGCGCCCGCCAGT
ATTCTGGCGGGCATGCCTGTTCGAGCGTCATTTCAACCCTCARGCTCTGCTTGGTGTT
GGGGCCCTACAGCTGATGTAGGCCCTCAAAGGTAGTGGCGGACCCTCCCGGAGCCTCC
TTTGCGTAGTAACTTTACGTCTCGCACTGGGATCCGGAGGGACTCTTGCCGTAAAACC
CCCCAATTTTCCAAAAGGTTGACCTCGGATCAGGTAGGAATACCCGCTGARCTTAAGC
ATATCAATAAGCGGAGGAARAGAAACCAACAGGGATTGCCTCAGTAACGGCGAGTGAA
GCG

28. w=miwenisd (Mango) (639 base pairs)

AAGTAAAAGTCGTAACAAGGTCTCCGTTGGTGAARCCAGCGGAGGGATCATTACTGAGT
TTACGCTCTACAACCCTTTGTGAACATACCTATAACTGTTGCTTCGGCGGGTAGGGTC
TCCGTGACCCTCCCGGCCTCCCGLCLCCCCGGGCGGETCGGCGCCCGCCGGAGGATAACC
ARACTCTGATTTAACGACGTTTCTTCTGAGTGGTACAAGCARATAATCAARACTTTTA
ACAACGGATCTCTTGGTTCTGGCATCGATGAAGARCGCAGCGAAATGCGATAAGTAAT
GTGAATTGCAGAATTCAGTGAATCATCGAARTCTTTGAACGCACATTGCGCCCGCCAGC
ATTCTGGCGGGCATGCCTGTTCGAGCGTCATTTCAACCCTCAAGCTCTGCTTGGTGTT
GGGGCCCTACAGCTGATGTAGGCCCTCAAAGGTAGTGGCGGACCCTCCCGGAGCCTCC
TTTGCGTAGTAACTTTACGTCTCGCACTGGGATCCGGAGGGACTCTTGCCGTAARACC
CCCAATTCTCCAARAGGTTGACCTCGGATCAGGTAGGAATACCCGCTGAACTTAAGCAT
ATCAATAAGCGGAGGAAAAGAAACCAACAGGGATTGCCTCAGTAACGGCGAGTGAAGCG

29. yaym (Lime) (640 base pairs)
AAGTAAAAGTCGTRAACAAGGTCTCCGTTGGTGAACCAGCGGAGGGATCATTACTGAGT
TTACGCTCTACRACCCTTTGTGAACATACCTATAACTGTTGCTTCGGCGGGTAGGGTC
TCCGTGACCCTCCCGGCCTCCCGCCCCCGEGCGGETCGEGCGEGCCCGCCGGAGGATAACC
AAACTCTGATTTAACGACGTTTCTTCTGAGTGGTACAAGCAAATAATCAARACTTTTA
ACAACGGATCTCTTGGTTCTGGCATCGATGAAGAACGCAGCGARAATGCGATAAGTAAT
GTGAATTGCAGAATTCAGTGAATCATCGAATCTTTGAACGCACATTGCGCCCGCCAGC
ATTCTGGCGGGCATGCCTGTTCGAGCGTCATTTCAACCCTCAAGCTCTGCTTGGTGTT
GGGGCCCTACAGCTGATGTAGGCCCTCAARAGGTAGTGGCGGACCCTCCCGGAGCCTCC
TTTGCGTAGTAACTTTACGTCTCGCACTGGGATCCGGAGGGACTCTTGCCGTAAAACC
CCCCAATTTTCCARAGGTTGACCTCGGATCAGGTAGGAATACCCGCTGAACTTAAGCA
TATCAATAAGCGGAGGAAAAGAAACCAACAGGGATTGCCTCAGTAACGGCGAGTGAAG
CG

30. @ls (Longan) (639 base pairs)

AAGTAAAAGTCGTAACAAGGTCTCCGTTGGTGAACCAGCGGAGGGATCATTACTGAGT
TTACGCTCTACAACCCTTTGTGAACATACCTATAACTGTTGCTTCGGCGGGTAGGGTC
TCCGCGACCCTCCCGGCCTCCCGCCTCCGGGLGGGTCGGCGCCCGCCGGAGGATAACC
ARACTCTGATTTAACGACGTTTCTTCTGAGTGGTACAAGCARATAATCAAAACTTTTA
ACAACGGATCTCTTGGTTCTGGCATCGATGAAGAACGCAGCGAAATGCGATAAGTAAT
GTGAATTGCAGAATTCAGTGAATCATCGAATCTTTGAACGCACATTGCGCCCGCCAGC
ATTCTGGCGGGCATGCCTGTTCGAGCGTCATTTCAACCCTCAAGCTCTGCTTGGTGTT
GGGGCCCTACAGCTGATGTAGGCCCTCARAGGTAGTGGCGGACCCTCTCGGAGCCTCC
TTTGCGTAGTAACTTTACGTCTCGCACTGGGATCCGGAGGGACTCTTGCCGTAARACC
CCCAATTTTCCAAAGGTTGACCTCGGATCAGGTAGGAATACCCGCTGAACTTARGCAT
ATCAATAARGCGGAGGAAAAGAAACCAACAGGGATTGCCTCAGTAACGGCGAGTGAAGCG

31. du (Orange) (640 base pairs)
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AAGTAAAAGTCGTAACAAGGTCTCCGTTGGTGAACCAGCGGAGGGATCATTACTGAGT
TTACGCTCTACAACCCTTTGTGAACATACCTATAACTGTTGCTTCGGCGGGTAGGGTT
TCCGGGACCCTCCCGGCCTCCCGCCTCCGGGCGGGTCGGCGCCCGCCGGAGGATAACC
AAACTCTGATTTAACGACGTTTCTTCTGAGTGGTACAAGCAAATAATCAARAACTTTTA
ACAACGGATCTCTTGGTTCTGGCATCGATGAAGAACGCAGCGAAATGCGATAAGTAAT
GTGAATTGCAGAATTCAGTGAATCATCGAATCTTTGAACGCACATTGCGCCCGCCAGC
ATTCTGGCGGGCATGCCTGTTCGAGCGTCATTTCAACCCTCAAGCTCTGCTTGGTGTT
GGGGCCCTACAGCCGATGTAGGCCCTCARAGGTAGTGGCGGACCCTCCCGGAGCCTCC
TTTGCGTAGTAACTTTACGTCTCGCACTGGGATCCGGAGGGACTCTTGCCGTAARACC
CCCCAATTTTCCAAAGGTTGACCTCGGATCAGGTAGGAATACCCGCTGAACTTAAGCA
TATCAATAAGCGGAGGAARAGAAACCAACAGGGATTGCCTCAGTAACGGCGAGTGAAG
CG

32. ﬁmmuaﬂ*ls (Strawberry) (639 base palrs)

AAGTAAAAGTCGTAACAAGGTCTCCGTTGGTGAACCAGCGGAGGGATCATTACTGAGT
TTACGCTCTATARACCCTTTGTGAACATACCTATAACTGTTGCTTCGGCGGGTAGGGTC
TCCGTGACCCTCCCGGCCTCCCGCCCCCGGGCGGETCGGCGCCCGCCGGAGGATAACC
AAACTCTGATTTAACGACGTTTCTTCTGAGTGGTACAAGCAAATAATCAARARCTTTTA
ACAACGGATCTCTTGGTTCTGGCATCGATGAAGAACGCAGCGAAATGCGATAAGTAAT
GTGAATTGCAGAATTCAGTGAATCATCGAATCTTTGAACGCACATTGCGCCCGCCAGC
ATTCTGGCGGGCATGCCTGTTCGAGCGTCATTTCAACCCTCAAGCTCTGCTTGGTGTT
GGGGCCCTACAGCTGATGTAGGCCCTCAAAGGTAGTGGCGGACCCTCCCGGAGCCTCC
TTTGCGTAGTAACTTTACGTCTCGCACTGGGATCCGGAGGGACTCTTGCCGTAARACC
CCCAATTCTCCAAAGGTTGACCTCGGATCAGGTAGGAATACCCGCTGAACTTAAGCAT
ATCAATARGCGGAGGAAAAGAAACCAACAGGGATTGCCTCAGTAACGGCGAGTGAAGCG

33. oustin (Statice) (640 base pairs)

AAGTAAAAGTCGTAACAAGGTCTCCGTTGGTGAACCAGCGGAGGGATCATTACTGAGT
TTACGCTCTACAACCCTTTGTGAACATACCTATAACTGTTGCTTCGGCGGGTAGGGTC
TCCGCGACCCTCCCGGCCTCCCGCCCCCGGGLCGEETGGGCGCCCGCCGGAGGATAACC
AAACTCTGATTTAACGACGTTTCTTCTGAGTGGTACAAGCAAATAATCAAAACTTTTA
ACAACGGATCTCTTGGTTCTGGCATCGATGAAGARCGCAGCGAAATGCGATARGTAAT
GTGAATTGCAGAATTCAGTGAATCATCGAATCTTTGAACGCACATTGCGCCCGCCAGL
ATTCTGGCGGGCATGCCTGTTCGAGCGTCATTTCAACCCTCAAGCTCTGCTTGGTGTT
GGGGCCCTACAGCTGATGTAGGCCCTCAAAGGTAGTGGCGGACCCTCCCGGAGCCTCC
TTTGCGTAGTAACTTTACGTCTCGCACTGGGATCCGGAGGGACTCTTGCCGTAAAACC
CCCCAATTTTCCAAAGGTTGACCTCGGATCAGGTAGGAATACCCGCTGAACTTAAGCA
TATCAATAAGCGGAGGAAARGAAACCAACAGGGATTGCCTCAGTAACGGCGAGTGAAG
CG

34. wainulladia (sUasplides) (Africanviolet) (645 base pairs)

AAGTAABAGTCGTARCAAGGTCTCCGTTGGTGAACCAGCGGAGGGATCATTACTGAGT
TACCGCTCATCAACCCTTTGTGAACATACCTTAACTGTTGCTTCGGCGGGTAGGCGTC
CCCTAAARAGGACGTCTCCCGGCCCTCTCCCGTCCGCGEGTGGGGCGCCCGCCGGAGT
ATAACCAAACTCTGATTTAACGACGTTTCTTCTGAGTGACACAAGCAAATAATCAAAA
CTTTTAACAARCGGATCTCTTGGTTCTGGCATCGATGAAGAACGCAGCGAAATGCGATA
AGTAATGTGAATTGCAGAATTCAGTGAATCATCGAATCTTTGAACGCACATTGCGCCC
GCCAGCATTCTGGCGGGCATGCCTGTTCGAGCGTCATTTCAACCCTCAAGCTCTGCTT
GGTGTTGGGGCTCTACGGTTGACGTAGGCCCTTAAAGGTAGTGGCGGACCCTCTCGGA
GCCTCCTTTGCGTAGTAACATTTCGTCTCGCATTGGGATTCGGAGGGACTCTAGCCGT
BABRAACCCCCAATTTTACTAAGGTTGACCTCGGATCAGGTAGGAATACCCGCTGAACTT
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AAGCATATCAATAAGCGGAGGAAAAGAAACCAACAGGGATTGCCCCAGTAACGGCGAG
TGAAGCG

35. @ (Firn) (640 base pairs)
AAGTAAAAGTCGTAACAAGGTCTCCGTTGGTGAACCAGCGGAGGGATCATTACTGAGT
TTACGCTCTACAACCCTTTGTGAACATACCTATAACTGTTGCTTCGGCGGGTAGGGTC
TCCGTGACCCTCCCGGCCTCCCGCCCCCGGGCEEGETCGGCGCCCGCCGGAGGATAACC
AAACTCTGATTTAACGACGTTTCTTCTGAGTGGTACAAGCAAATAATCAABRACTTTTA
ACAACGGATCTCTTGGTTCTGGCATCGATGAAGAACGCAGCGARATGCGATAAGTAAT
GTGAATTGCAGAATTCAGTGAATCATCGAATCTTTGAACGCACATTGCGCCCGCCAGC
ATTCTGGCGGGCATGCCTGTTCGAGCGTCATTTCAACCCTCAAGCTCTGCTTGGTGTT
GGGGCCCTACAGCTGATGTAGGCCCTCARAGGTAGTGGCGGACCCTCCCGGAGCCTCC
TTTGCGTAGTAACTTTACGTCTCGCACTGGGATCCGGAGGGACTCTTGCCGTARAACC
CCCCAATTTTCCAAAGGTTGACCTCGGATCAGGTAGGAATACCCGCTGAACTTAAGCA
TATCAATAAGCGGAGGAAAAGAAACCAACAGGGATTGCCTCAGTAACGGCGAGTGAAG
CG

37. Colletotrichum atramentarium (641 base pairs)
AAGTAAAAGTCGTAACAAGGTCTCCGTTGGTGAACCAGCGGAGGGATCATTACTGAGT
TACCGCTCTATAACCCTTTGTGAACATACCTAACTGTTGCTTCGGCGGGCAGGGGGTG
CCGCCTGCGGACCCCCCTCCCGGCCCTGCCCTCACGGGCGGAGCGLCCGCCGGAGGAT
ACCAAACTCTATTTTAACGACGTTTCTTCTCGAGTGGCACAAGCAAATAATTAARACTT
TCAACAACGGATCTCTTGGTTCTGGCATCGATGAAGAACGCAGCGAAATGCGATAAGT
AATGTGAATTGCAGAATTCAGTGAATCATCGAATCTTTGAACGCACATTGCGCCCGCC
AGCATTCTGGCGGGCATGCCTGTTCGAGCGTCATTTCAACCCTCAAGCTCTGCTTGGT
GTTGGGGCCCTACGGTTGACGTAGGCCCTTAARAGGTAGTGGCGGACCCTCTCGGAGCC
TCCTTTGCGTAGTAACTAACGTCTCGCACTGGGATTCGGAGGGACTCTTGCCGTAAAR
CCCCCAAAATTTTAAAGGTTGACCTCGGATCAGGTAGGAATACCCGCTGAACTTAAGC
ATATCAATAAGCGGAGGAAAAGAAACCAACAGGGATTGCCCCAGTAACGGCGAGTGAA
GCG

38. Colletotrichum lagenarium (633 base pairs)
AARGTAARAGTCGTAACAAGGTCTCCGTTGGTGAACCAGCGGAGGGATCATTACTGAGT
TTACGCTCTATAACCCTTTGTGAACATACCTAACCGTTGCTTCGGCGGGCGEGAGGETC
CGLCTCCCLCCCGGLCCCECTCGCEGGGGAGCCCGLCGGAGGAAAARCCCAACTCTTAT
TTTAACGACGTCTCTTCTGAGTGGCACAAGCAARATAATCARARACTTTTAACAACGGAT
CTCTTGGTTCTGGCATCGATGAAGARCGCAGCGAAATGCGATAAGTAATGTGAATTGC
AGAATTCAGTGAATCATCGAATCTTTGAACGCACATTGCGCCCGCCAGCATTCTGGCG
GGCATGCCTGTTCGAGCGTCATTTCAACCCTCAAGCACCGCTTGGCGTTGGGGCTTCC
ACGGCTGACGTGGGCCCTCAAAGACAGTGGLCGGACCCTCGCGGAGCCTCCTTTGCGTA
GTAACATACCACCTCGCACCGGGACCCGCAGGGCACTCCTGCCGTAAAACCCCCCAAT
TTTTACAAGGTTGACCTCGGATCAGGTAGGAATACCCGCTGAACTTAAGCATATCAAT
AAGCGGAGGAAAAGARAACCAACAGGGATTGCCCCAGTAACGGCGAGTGAAGCG
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(9) MTHAUIN

m5End 1 AFLP data vasaefisndBuerendan Colletotrichum glocosporioides
Y v v
filann primer EcoRI-A/Msel-CAG Toatiuoy polymorphic band 48

Loy
maip  mmin  Ayfin  dw duy o ndw  nfe 6ls win  nwol nfwld o wrmun wie
welt  aoiz nou i
| 1 0 0 0 0 0 Q 0 0 0 0 Q 0 0
| l 1 0 0 1 0 4] L 1 0 0 ¢ o] |
1 3 0 0 0 1 0 0 L 1 0 1 0 1 |
Q G 4] [¢] Q il 1} o] 1 4] 0 I LH] 0 0
0 0 0 1 | 0 a L] 0 Q 0 ¢ 0 0 0
1 ' | 0 0 ¢ 0 \] 0 Q 0 0 ] 1 |
1 | | Q o} ) 1 | | | 1 1 1 | 1
! 1 i 1 | | 4] i | 1 | 1 L I |
O 0 o 0 o 0 | 1 [+ 1 0 0 0 | 0
| 1 0 0 Q Q V] 0 o 0 1 4] 1 4] 4]
o 0 0 0 0 4] Q 0 o o | 0 3 ¢ a
0 0 0 i ! 0 \] a 0 0 0 0 Q 0 ]
0 0 0 0 0 1 | 0 o] 0 1 1 0 4] o]
0 0 ¢ Q Q 1 b 0 l 1 0 1 0 H 1
1 1 I a 4] 0 0 0 t 1 0 1 0 | 1
7] [\] 0 LH 0 L+ [ a 0 1] 0 0 1] o 1
0 0 0 ¢ 0 0 0 Q 0 1 0 1 Q 1 i
0 0 0 0 0 0 [ 0 0 1 0 0 1} 0 0
Q o o 0 0 0 ¢ 0 Q o H [+ 1 0 1
Q 0 0 0 0 4] 1 0 L+ 0 1 0 1 0 L
o 0 0 o] 0 i 1 0 L] 0 o o 0 0 |
Q 1 0 0 0 1 1 1 L 1 1 t | 1 |
a 0 0 Q 0 0 0 | 0 0 0 \] 0 0 0
0 ¢ 0 0 [ 0 1] ¢ 0 0 o 0 0 Q 0
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= .
AMTVHUINND 1 (6iD)

anie  mmin wudin dul L.%] i nfs e &1l wiy  nud afwld Hu wum win
et ez wew  drh
0 0 0 0 0 0 0 0 0 0 1 0 0 0 0
0 0 0 0 0 0 Q 0 i 0 1 l t 1 1
0 0 0 0 0 0 0 0 0 1 0 0 0 0 0
0 0 0 0 0 0 0 1 o 0 0 0 0 0 0
0 1] 0 1 | 0 1 0 0 [¢] | 0 ! 0 1
0 0 0 1 1 0 0 1 0 0 0 0 0 0 0
0 0 0 1 0 0 0 0 0 t] 0 0 0 0 0
0 0 0 0 0 0 | 1 0 1 0 0 I 0 0
0 0 0 1 1 0 0 0 0 0 0 0 0 0 0
1 0 ] 1 I 1 0 0 1 0 0 ! 1 1 ]
0 0 0 ] | 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 Q 0 0 0 0 b 0 | 0 ¢]
0 0 0 0 0 4] 0 Y 0 0 0 1 0 1 0
0 0 0 0 0 0 0 0 I 0 0 0 0 0 1
0 0 0 l ] 0 Q 0 0 0 4 & 0 0 0
Q 0 0 0 1 0 | 0 0 0 0 0 0 1 0
0 0 0 1 1 0 0 H 0 0 0 0 Q 0 0
1 t 0 0 0 0 0 0 0 0 0 0 Y 0 0
0 0 0 1 1 0 0 0 0 0 0 0 0 0 0
0 0 ) 0 0 0 0 Q 0 0 | 1 ! 1 ]
0 0 0 | | 1 0 0 0 0 0 0 0 0 !
Q ¢ 0 0 0 0 0 0 1 0 0 0 0 0 !
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P a e &
MTNKUINN 2 AFLP data 3a3a18finndiduasaadan Colletotrichum glocosporioides

Y e Y
Nlda1n primer EcoRI-A/Msel-CAC Taelviuou polymorphic band 27

wou

omn  ome e dul fw W1 e nEw Bl whu awol ofwld drlu wsun wie
Wit fwed? Hou sith

0 0 0 | i 0 0 0 0 0 0 0 0 i} 0
1 1 0 i} 0 0 0 0 0 0 0 ¢ 0 0 0
0 0 ¢ ] l 0 0 0 0 | 0 (i} 0 0 o
0 0 0 ! 1 0 0 0 0 0 0 0 0 0 0
1 ] ! v 0 0 0 0 0 1 0 1 0 0 0
0 0 0 0 0 0 0 0 1 | 0 0 0 0 0
¢ 0 0 i I 0 ! | 1 I i 0 I ! 0
0 0 0 1 1 0 1 1 0 i 0 0 0 | 0
0 0 0 I 1 0 0 0 0 0 0 0 0 0 6
0 0 0 0 0 0 0 0 0 0 1 0 1 0 0
0 0 ¢ 0 0 0 0 0 0 0 0 ! 0 ] 0
0 0 0 ! 1 0 0 0 0 0 0 0 0 0 0
0 0 0 0 6 0 | | 0 0 0 0 0 0 0
t ! 0 1 I 0 1 1 0 G 0 0 i} 0 o
0 0 0 0 0 0 I 1 0 1 ] 0 1 0 0
0 6 0 0 0 0 | | 0 0 0 0 o 0 0
I 1 | 0 0 0 0 0 1 | 0 0 0 0 0
0 e 0 0 0 0 0 0 1 i 0 0 0 | 0
0 0 0 1 1 0 0 0 0 0 0 0 0 0 0
. L 0 0 0 0 ] 0 1 1 0 0 0 1 0
| 1 0 0 ! 0 0 1 0 1 o 0 0 0 0
] 0 | 0 0 0 1 1 0 ] 0 0 6 1 0
1 | 0 0 0 0 0 ¢ 0 ] 0 0 0 0 1
1 ! 1 0 0 0 1 1 0 | | 0 i 1 !
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| o - o
MTNNUINT 3 AFLP data ssamefaniiduieseadan Colletotrichum glocosporioides

A4 W , v
Aldn primer EcoRl-A/Msel-CAT lastviuny polymorphic band 50

Wy
smm  omse wunu  dul dw Y Y wiy  awed el 4R wzun e
woll el oy N
0 0 0 l 1 0 0 0 0 0 0 0 0 0 0
i ! 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 4] 1 I 0 0 0 0 | 0 V] a 0 o
0 Q 1 1 I 0 0 0 [¢] 0 1] 0 0 0 0
I ] t 0 0 Q 0 0 0 1 0 1 0 1] 0
1] o [¢] 0 0 0 0 [ i 1 ¢} 0 [\ 1] Q
1] 0 0 1 i 0 1 1 1 1 1 0 1 i 0
0 0 0 1 i 0 1 1 0 1 [¢] 0 0 1 0
0 0 0 i 1 4] 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 1 0 I 0 0
0 0 [¢] 0 0 0 0 0 [¢] 0 0 1 0 1 0
0 0 ] 1 1 0 0 0 0 ) 0 0 0 0 0
0 0 0 0 4] [¢] ! 1 0 0 0 4] 0 0 4]
1 1 0 I I [¥] t 1 0 0 0 o] 4] 0 0
0 0 Q V] 0 0 ! 1 0 [ 1 0 1 Q 0
0 0 0 0 0 0 1 1 0 0 0 0 0 0 0
t 1 1 0 o o o 6 1 1 0o o o 0o o
0 0 0 0 0 0 0 0 1 1 0 0 0 1 0
0 0 0 1 1 0 0 0 [¢] Q ¢ ¢ 0 0 0
1 1 0 0 0 0 0 0 1 i 0 [ 0 1 Q
1 i 0 0 ! 0 0 1 0 1 0 0 0 0 0
0 0 [ 0 0 0 1 ! 0 0 ] 0 0 [ 0
1 1 [ 0 Q 0 0 0 0 0 0 0 0 [¢] 1
1 1 1 0 0 0 1 1 0 t f o) 1 1 1
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= .
FITHRUINT 3 (#18)

orie  oass  wuar  ful i Wy ndw  ndw é1la wiy  aund afw0lf drdw wun wia
well  rwen2 nen  dvh

.

1 1 | 0 0 0 1 1 0 1 1 0 1 1 1

i | 0 0 0 ¢ 0 0 1 1 1

0 0 0 0 1 0 0 0 0 0 0 0 0 0
0 Q 0 0 0 0 0 0 1 1 0 0 0 0 ¢
i 1 0 0 0 0 0 0 0 ] 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 | 0 0
1 I 0 0 0 0 0 0 0 0 0 0 0 1 1
! 1 0 0 0 0 0 0 0 0 Q 0 0 0 5
1 1 0 1 ¥ 0 1 1 1 1 i 0 1 1 i
0 0 0 1 1 0 0 ] 0 0 0 0 0 0 0
1 1 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 ¢ 0 0 0 0 0 1 1 0 Q 0 0 0
Q 0 0 1 1 0 0 0 0 0 0 4] 0 0 0
0 0 0 i 1 0 ¢ 0 0 4] G 0 0 0 0
i 1 0 i 1 0 1 i 0 0 0 0 0 0 0
0 0 0 0 0 0 1 1 4] 0 0 0 0 0 0
1 1 1 0 0 0 0 0 1 1 1] 0 0 0 0
0 0 0 1 1 0 0 0 0 0 0 0 0 0 1
1 1 1 0 0 0 i 1 0 1 1 Q 1 1 1
0 0 ¢ 0 0 0 0 0 ¢ 0 1 0 1 0 0
0 0 0 0 1 1 0 0 0 0 0 0 0 0 0
0 0 0 0 1 0 0 0 0 ¢ 0 0 0 0 0
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meInfl 4 AFLP data yosnefiswiduwesesdan Colletotrichum glocosporioides
ﬁlﬁ’mn primer EcoRI-AC/Msel-C laalviuoy polymorphic band 29

wWay

wate  oate  WuRy  dwl w2 1 ol ofw Bl whu owd ofel drdn vzun e )

wel  eiz wou  adrh

0 0 0 1 0 0 0 Y 9 0 0 ] 0 0 1
0 0 0 1 0 0 0 0 0 ] 0 0 0 0 ]
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Abstract A powdery mildew fungus on leaves of Dalbergia
cultrata var. cultrata (Fabaceae) collected at the Queen
Sirikit Botanical Garden in nofthern Thailand is proven to
be a new species of the genus Brasiliomyees and is described
as B. chiangmaiensis sp. nov. with light and SEM micro-
graphs. Differences in known Brasiliomyces species are dis-
eussed, and a key to species of this genus is provided.

Key weeds Brasiliomyces chiangmaiensis
cultrata - Powdery mildew - Taxonomy

Dalbergia

Introduction

The genus Brasifiomyces Viégas was first established be-
cause of its absence of ascomatal appendages {(Viégas 1944).
Zheng (1984) reexamined type collections of species of this
genus and found scarce, rudimentary appendages, at jeast
in some ascomata. Braun (1987) also examined type col-
lections of Brasiliomyces species (excluding B. setosus)
to confirm that rudimentary ascomatal appendages were
present. He distinguished Brasiliomyces from Erysiphe DC.
by its thin-walled (one-layered) peridium, and provided the
following circumscription:
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“Mycelium superficial, conidial state unknown.
Erysiphaceous cleistothecia globoid to depressed-globose.
usually fairly stnall, about 4580 pm in diam, peridium very
thin, composed of only one conspicuous layer, wall yellow-
ish to light brown, semitransparent, appendages very
sparsely developed, mycelioid, few, often nearly absent or
even lacking, asci more than 1, 2-8-spofed.”

Only six species of the Brasiliomyces, viz., B. trina
(Harkn.} R.Y. Zheng (North America), B. entadoe Marasas
& Rabie (South Africa), B. malachrae (Seaver) Boesew.
{South America), B. setosus Hodges (Hawaii}, B. eyelo-
balanopsidis K.C. Kuo, W.H. Hsich & L.S. Liu (Taiwan),
and B. kumaonensis N. Ahmad, A K. Sarbhoy & Kamal
(Northern India), have so far been described (Braun 1987;
Hodges 1985; Kou et al. 1992; Ahmad et al. 1998).

In 1999, a species of Brasifiomyces was found on leaves
of Dalbergia cultrata Graham ex Bentham var. cuftrata. This
fungus agrees well with the general characteristics of the
genus Brasiliomyces and is easily distinguishable from
the other six species of Brasiliomyces by having smaller
ascomata and very few asci. Brasiliomyces chiangmaiensis
C. To-anun & S. Takamatsu sp. nov. is proposed to accom-
modate this fungus. This is the first record of Brasiliomyces
species from Southeast Asia. Molecular phylogenetic
studies based on IDNA sequence data of this fungus will be
reported elsewhere.

Materials and methods
Sample sources

The leaves of Dalbergia cultrata var. cultrata with
Brasiliomyces sp. were collected at the Queen Sirkit
Botanical Garden in northern Thailand and examined as
fresh material. For comparison, herbarium samples of B.
trina, B. malachrae, and B. entadae (1MI 124287) were also
examined.



448

Light microscopy

Hyphae, ascomata, appendages, asci, and ascospores of the
funga! collections were stripped off from the leaf surfaces
with a clean needle, mounted on a microscope slide, and
examined in water using a light microscope with phase con-
trast 20, 40X, and 100X oil immersion objectives. The
following information was noted during the examination of
the fresh specimens: size and shape of ascomata, presence
or absence of appendages, structure and size of peridial
cells, number of asci per ascus, number of ascospores per
asci, size and shape of asci and ascospores, and shape and
position of hyphal appressoria. Thirty ascomata were mea-
sured per sample.

Observation of ascospore germ tubes was conducted by
the method described by Hirata (1942). The inner surface
cell layer of onion scales was cut with a razor to a size of
1em?® and stripped off by a clean forceps. The celi layer was
kept in 80% ethanol for more than 2 weeks and rinsed with
tap water for 30min before use. The cell layer was put on a
microscope slide, followed by removing the excess water
with a filter paper, and inoculated with ascospores, The
inoculated cell layer was floated on distilled water in a petri
dish and incubated at 20°-25°C for 24h until microscopic
observation.

Scanning electron microscopy

Small pieces of leaf specimens were placed on a glass slide.
The leaves were fixed with OsO, vaporized from 1% solu-
tion in a watch glass at the bottom of a glass box until the
specimens were darkened. The glass box was tightly scaled
with Parafilm during fixation. The lid of the box was slightly
opened to allow the vapor to be released and also the speci-
mens 1o be dried in a chemical hood. The specimens were
attached to an aluminium stub with silver paste and coated
with gold using an ion-sputter {model E-1010; Hitachi,
Tokyo, Japan). They were observed with a scanning
electron microscope {model $-4000; Hitachi) at accelerating
voltage 15kV.

Resuits and discussion
Taxonomy

Brasiliomyces chiangmaiensis C. To-anun & S. Takamatsu,
sp. nov.

Mycelium amphigenum, plerumque epiphyllum, persistens,
maculis irregularibus, albidis formans; hyphae 3-<4pm latae;
appressoria papillata vel oblongato-<clavata; conidiophora
et conidia incognita; ascomata sparsa vel gregaria, globosa,
(35-)38-45(—48) um diam., tenuitunicata, peridio flavido vel
pallide brunneo, sublucido, ex cellulis daedaleoidibus
(10-)15-20pm latis composito; appendices 2-6, simplices,
mycelioides, saepe ramosae, tenuitunicatae, non septatae,
hyalinae, ad basim brunneae, 330 X 3-5um; asci 2,
claviformes, 3340(—45) X 27-35um; ascosporae 6, ellipso-

Fig. 1. Mycelia, appressoria, and young ascomata of Brasifiomyces
chiangmatensis. Bar 20pm

ideae vel ovoideae, olivaceae vel pallide viridulae, guttu-
latae, laeves, 15.5-18.2 X 8.5-10.5pm.

Holotype: on Dalbergia cultrata Graham ex Bentham
var. cultrata (Fabaceae), northern Thailand, Queen Sirikit
Botanical Garden, 1999, C. To-anun (HAL1741). Isotype:
MUMH 1487.

Mycelium amphigenous, mainly epiphyllous, persistent,
forming irregular white patches. Hyphae hyaline, superfi-
cial, almost straight to somewhat undulate, 3-4um wide,
branching at right or narrow angles. Appressoria well-
developed, nipple- (Fig. 1) to oblong club-shaped (Fig. 2),
single or occasionally opposite in pairs. Conidiophores and
conidia unknown. Ascomata scattered to gregarious,
(35-)38-45(-48)um diameter (average, 41.4pm); cells of
the wall daedaleoid when mature, (10-)15-20um diameter;
peridium thin, one-layered, yellowish to light brown, semi-
transparent, with few basal appendages (2-6, sometimes
lacking), mycelioid, thin-walled, hyaline, sometimes pale
brown near the base, aseptate, often branched, coral-like,
almost uniform in width, shorter than the ascomatal diam-
eter, 5-30 X 3-5um. Asci two, sessile or short-stalked, thin-
walled, 3340(—45) X 27-35um (average, 38.1 X 31.5um),
6-spored. Ascospores ellipsoid-ovoid, olivaceous to pale
greenish due to oil drops, 15.5-18.2 X 8.5-10.5um (average,
17.5 X 9.3um).

The colonies of B. chiangmaiensis can be found on both
sides of leaves of D. cultrata, but they are more abundant on
the upper leaf surface, which is similar to the other species
of Brasiliomyces (Braun 1987} except B. seiosus (Hodges
1985). They are at first whitish, and later turn brownish
during the formation of ascomata, which often cover the
entire surface of the leaves. Lacking the conidial state is
very characteristic for Brasiliomyces. At present, there are
only two genera of powdery mildews without any conidial
states, Brasiliomyces and Typhulochaeta. Brasiliomyces is
unique among the genera of powdery mildews in producing
abundant ascomata without any conidial state in tropical
climates (Hanlin and Tortolero 1984), whereas most other



Fig. 2. Scanning electron micrograph of an appressorium. oblong club-
shaped (arrow). of Brasiliomyces chiangmaiensis. Bar 5 pm

Fig. 3. Scanning ¢lectron micrograph of an ascoma of Brasiliomyces
chigngmaiensis. Bar 10pm

powdery mildews in this area form only conidia without
ascomata (Boesewinkel 1980).

The ascomata (Figs. 3, 4A) of B. chiangmaiensis are
globose and very small, 38-45pm (48 pm. maximum) diam-
eter. These very small ascomata are unique compared
with the hitherto known species of the genus Brasiliomyces.
in which the size of ascomata ranges from 50 to 70um
(Braun 1987. Hodges 1985). Furthermore, B. chiang-
maiensis differs from the other specics of Brasiliomyces in
having only two asci containing six ascospores per ascoma
{(Fig. 5).

Characteristics of the present fungus indicate that this
fungus belongs in the genus Brasiliomyces. and it distinctly
differs from the six Brasilioniyces species in its size of
ascomata and number of asci. Brasiliomyces chiangmaiensis
is close to B. entadae Marasas & Rabie {(IM] 124287), which

Fig. 4. Ascomata and asci of Brasiliomyces chiangmaiensis (A} and
B. entadae (B). Bars 20pm
Fig. 5. Asci and ascospores of Brasiliomyces chiangmaiensis. Bar

10pm

is also reported to occur on a legume (Fabaceae). There-
fore, the differences between the two fungi have been
examined in detail; the results are shown in Table 1.

At present, Brasiliomyces comprises seven species,
i.e., B. setosus, B. trina, B. malachrae, B. entadae, B.
cyclobalanopsidis, B. kumaonensis, and B. chiangmaiensis,
which can be distinguished as follows.

Key to the species of Rrasiliomyces
1. Mycelium hypophyllous, with a large number of setae
produced along the upper sides of hyphae. usually three
asci per ascoma, asci (4-)5-6-spored, parasitic on
Sapindaceae (Sapindus oahuensisy, Hawaii . .. .. ... ...
: B. setosus
1. Mycelium mainly epiphyllous, without setae on hyphae
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Fig. 6. Peridium cells of ascoma of Brasifiomyces chiangmaiensis. Bar 20pm
Fig. 7. Germination of ascospores of Srasiliomyces chiangmaiensis on onion epidermal cells. Bar 20um

Table 1. Characteristics of Brasiliomyces entadae (1ML 124287) and B. chiangmaiensis

Main characteristics B. entadae

B. chiangmaiensis

(45-) 50-75 (-80) prn
(3-)4-5

Diameter of ascomala
Number of asc

Size of asci 45-55 {—65) X 30-40pm
Hosi family/subfamily and species
Distnbution South Africa

Fabaceae/Mimosoideae ( Entadn spicata)

(35-) 38-45 (—48) pm
2

3340 (45) X 2735 pm
Fabaceae/Fabotdeae (Dalbergia creftrata)
Southeast Asia (Thailand)

2. Ascomata small. 26-45(—48)um diameter, containing

only 2aSCh . ... e 3
2'. Ascomata 45-95um diameter, containing (2-)3-5
- o 4

3. Appendages none, perithecial wall composed of flat-
tened cells with short protuberances on the surface
of ascoma. asci 8-spored. parasitic on Fagaceae
{Cyclobalanopsis glauca). Taiwan

B. cyclobalanopsidis

3'. Appendages 2-6, cell of perithecial wall daedaleoid, asci
6-spored, parasitic on Faboideae (Dalbergia culirata
var. cultrata). Southeast Asia (North Thailand) .......
................................. B. chiangmaiensis

4. ParasiticonFagaceae ....................... ..., 5

4’, Parasitic on host families other than Fagaceae ... ... 6

5. Ascomata comparatively large, 80-90{(-95)um diam-
eter. asci 4—0-spored. parasitic on Quercus sp.. North

India .. ...oove i B. kumaonensis
5. Ascomata smaller, 50-70um diameter, asci 2-spored.
ascospores large, up to 40um in length. parasitic on
Quercus agrifolia. North America ........... B. trina
6. Asci (2-)4-5-spored. cells of ascomatal wall irregularly

polygonal, parasitic on Malvaceae, South America
B. malachrae

6'. Asci 5-8-spored, ascomatal wall daedaleoid. parasilic
on Mimosoideae ( Entada spicata). South Africa
B. entadae
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First Report of Plumeria Rust, Caused by Coleosporium plumeriae,

in Thailand

CHAIWAT TO-ANUN ", NIPHON VISARATHANONTH ¢,
JINTANA ENGKHANINUN® AND MAKOTO KAKISHIMA *

' Department of Plant Pathology, Faculty of Agriculture, Chiang Mai University, Chiangmai 50200, THAILAND
X Depariment of Plant Pathology, Faculry of Agricuiture, Kasetsart University, Bangkok, 10900, THAILAND

3 Graduate School of Life and Environmental Sciences, University of Tsukuba,
Tennodai, Tsukuba, Ibaraki 305-8572, JAPAN

ABSTRACT.-Coleosporium plumerige Pat. is a rust fungus (Melampsoraceae)
found on Plumeria species. The disease is characterized by the formation of
powdery, bright yellow-orange, erumpent, hypophyllous, punctiform
uredinia on the abaxial portion of the leaf. The spermagonial and aecial
states are unknown, Urediniospores are subglobose to angular, catenulate,
coarsely verrucose with bluntly capitate, annulate tubercles, germ pores
unconspicous, two or four, scattered. Lesions on the adaxial surface consist
of minute spots with yellow color turning brown with age. This is the first
report of a rust disease attacking leaves of Plumeria acuminata Ait. in

Thailand.

KEeY worDS:  rust; Coleosporivm plumeriae; Pluneria acuminaia

INTRODUCTION

Plants belonging to the ‘genus Plumeria
originated from West Indies and Central and
South America, but they are widely cultivated
in tropical and subtropical regions as an
omamental plant and can be seen grown in
greenhouses. In Hawaii, the flowers are used io
make wreath, and for this purpose many
cultivars of Plumeria are being grown
(Kakishima et al., 1995). In Thailand, Plumeria
is one of the most popular and favorite
ornamentat irees that commoenly found in parks,
home gardens and landscaped establishments
over the country. Its big, stout branches

* Corresponding author.

Tet: (665) 3944021

Fax: (665) 3944666

E-mail: agppil06@chiangmai.ac.th

enhanced by its colorful and fragrant flowers
and big showy leaves (Fig. 1) provide any
landscape a pleasing aesthetic scenery the whole
year round.

Coleosporium plumeriae Pat. has been
reported to cause rust in Plumeria, but for a
long time period its distribution has been
limited in the places of origin, West Indies and
Central and North America. However, around
1989, there were successive reports of
confirmed occurrences of rust caused by C.
plumerige in Hawaii (Ogata and Gardner,
1892), South Pacific Islands and Indonesia
(Bali) (Kobayashi et al., 1994a, b), Japan
(Kakishima et al., 1995), Philippines (Tangonan
and Quebral, 1992) (Fig. 2). There had been no
report of rust attacking Plumeria in Thailand
(Sontirat et al., 1994). Hence, this study aimed
to determine the etiology of rust attacking
Plumeria, thereby describe its characteristic
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MATERIALS AND METHODS

For electron microscopy, air-dried uredinia
and leaf tissues were mounted on metal stubs,
ion sputter coated with platinum-palladium and
observed in a Hitachi scanning electron
microscope (5-4200).

For light microscopy, uredinia and telia
were cul from diseased leaves of Plumeria
rubra L. growing in the greenhouse of the
Department of Plant Pathology, Faculty of
Agriculture, Chiang Mai University, Chiang
Mai. Thin sections of uredinial and telial sori
and urediniospores obtained form uredinia were
mounted in 5% KOH or Lactopheno! solution.
Dry herbarium specimens have been deposited
in Herbaria: Mycological Herbarium, Graduate
school of Life and Environmental Sciences,
University of Tsukuba (TSH).

RESULTS AND DISCUSSION

FIGURE 1. Plumeria rubra plant: A = flower, B Signs and syrpptoms
= tree. Rust uredinia emerge as small, yellow to

yetlow-brown powdery sori on the lower leaf
surface (Fig. 3), which then spread to the entire

symptom and issuance of a warning is therefore leaf surface and cause defoliation when

deemed necessary.

Al | prrestiu g
(£ W[

e } e 1\ South America
e Austrilrlg III\ R ! |

FIGURE 2. Distribution of Plumeria Rust. Previous area of distribution is enclosed in dotted lines. Occurreaces in
the Pacific and other areas confirmed through reports and herbarium specimens are indicated by name of locatity, year
and month recorded.
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Figure 5. Scanning electron micrograph of urediniospores of Cofeosporium plumeriae; uredinia (A and B, Bar =
50 pm), verrucose urediniospores with annulate ubercles (C and D, Bar = 10 um) and blunily capilate wbercles (E and
F. Bar = 5 um).
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FIGURE 3. Plumeria Rust, Coleosporium
plumeriqe, uredinia on Plumeria rubra collected from
Chiang Mai, Thailand.

infections are severe. There are causes when
the entire tree becomes defoliated and the truck
and stems wither. Numerous urediniospores are
produced within wuredinia and these may serve
as sources of infection responsible for the

spread of the disease. Along with the uredinia,
glossy wax-like teila are also produced

(Traquair and Kokko, 1980; Ogata and
Gardner, 1992).
Morphelogy and taxonomy

Results  of examination of specimens

collected from Chiang Mai (TSH-R4314) and
those from Bangkok, Thailand (TSH-R4315,
4316, 4317) showed that uredinia are produced
beneath the epidermis but the latler is broken
and opened up to release urediniospores upon
maturity of the uredinia. Urediniospores are
singie-celled (Fig. 4), produced in chains,
obovoid, ellipsoid or oblong-eilipsoid, and
25.2-36.4%13.9-18.9 pm in size. The walls are
hyaline, ca. 1.5 pm thick and the surface has
big verrucae (Fig. 5). Peridial cells are seen
around the uredinia. Only uredinia were found
in all of the specimens, except in a specimen

Figure 4. Uredimum and urediniospores of Coleosporium plumeriae: A = cross section of uredinium ¢Bar = 30
ittt B o= wrediniospores (Bar = 15 um), and C = verrucose urediniospores with annulate wibercles tarrow; (Bar = 10

pm)
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collected in in Cook Island (PDD 57192) where
few telia were observed. Teliospores are clavate
with thin hyaline walls. Germination probably
takes place immediately after maturation of
teliospores since in many cases structures which
were already four-celled were also observed.
Spermogonial and aecial stages are however not
yet known.

The above morphological features strongly
coincides with descriptions of Coleosporium
plumeriae Pat (Patouillard, 1902; Saccardo,
1905; Arthur, 1907; Sydow and Sydow, 1915;
Gallegos and Cummins, 1981). However, C.
plumeriae found in a greenhouse n (Canada
{Traguair and Kokko, 1980) was reported to
have urediniospores 25-27»16-24 um in size,
slightly smaller than in the other descriptions.

Coleosporium  plumeriae was originally
described by Patouillard {1902) based on a rust
specimens  bearing uredinia and 1elia  on
Plieneria alba L. collected in Guadoupe Is.,
West Indies. On the other hand, basing on 2
rust specimen collected by Berkeley on a
species of Plumeria {probably P. rubra L.) in
Santo Dominge [Is., West Indies and using
Uredo domingensis Berk. (Sydow and Sydow,
1924) as the type, Arthur (1918) established a
new combination, Coleosporium  domingensis
(Berk.) Arthur considered C. plumeria as its
synonym (Arthur, 1924, 1934). Likewise, the
rust Uredo phunieriicola Hennings described by
Hennings (1904) from a species of Plumeria
collected in Peru, S. America was also
considered as an identical species. However,
since the type species of Arthur (1918) did not
have the tetial but only the uredinial stage,
establishing Coleosporium sp. upon this is
considered invalid based on nomenclatural rules
(Farr et al., 1989). Thus, it is more appropriate
to use C. plumeriae as the scientific name of the
rust of Plumeria, and U. domingenesis and C.
domingensis must be considered as s
synonyms. However, in the case ol Uredo
plumieriicola described in Peru, there i$ a need
to examine the type specimen and clarify the
difference from (. plumeriae, since ifs
description indicates that it has slightly smaller
urediniospores than C. plumeriae.

TasLE 1.  Host plants of the Plumeria Rust,

Coleosporium plumeriae.

Ptumeria acutifolia Poir.
. alba L.

. ernarginata Griseb.

. krugii Urban.

. lutea Ruiz et Pav,

. pbiusa Bert. et A. DC.
. roséda

. rubra L.

M- - M - Wi~ M -1

Locality and hosts

As mentioned previously, the rust of
Plumeria was first described on P. alba in
Guadaloupe Is., West Indies in the 190(’s
(Patouillard, 1902), and within a peried of
around 90 years after that, it was reported in a
relatively limited distribution, [ts occurrences
were reported in West Indies, Central America,
South America (Colombia, Venezuela), and the
United States of America (Florida, Texas) on
woody plants in the family Apocynaceae {Table
1) that 8 species of Plumeria were recorded as
hosts (Arthur, 1907, 1915, 1916, 1918, 1924,
1927, 1934; Farr et al., 1989; Gallegos and

Cummins, 1981: Kern and Chardon, 1927,
Sacardo, 1905; Sydow and Sydow, 1915,
1924). Starting with a confirmation of its

occurrence in Tahiti, South Pacific (PDD
15101) in 1989, it was then confirmed and
reported in succession in South Pacific Islands
(Rarotonga: PDD 57192, Ailouki: PDD 57638,
Cook Island: PDD 61892, Fiji: PDD 59335,
59356, 60079, West Samoa: PDD 62972, New
Caledonia; Kohler and Pellegrin, 1992), Hawaii
Islands (Oahu, Kawaii) (Ogata and Gardner,
1992), Golden Coast, Australia {PDD 63804 =
TSH-R1471) and Bali Is., Indonesia {Kobayashi
et al., 1994a, b, TSH-R1406, 1407). Most of
these occurrences were reported on cuitivated
P. rubra, although it was also reported in P.
acutifolia (PDD 56101) in Tahiti, in P. alba in
New Caledonia, and in P. obtusa in Hawaii.
And, quite exceptionally, it was also reported in
P. rubra grown in greenhouses in Alberta,
Canada (Trequair and Kokko, 1980).
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Although this resent and sudden spread of
Plumeria Rust in the Pacific is now confirmed,
its cause is still unclear. From now on, it is
predicted to spread to Southeast Asia and
neighboring countries. Considering the severe
damage it can cause on the widely cultivated P.
rubra due to defoliation and eventual death,
issuance of a warning and the development of
precautionary measures against its spread are
therefore deemed nccessary. Particularly it is
considered mnecessary 1o take precaution in
transport of infection seedlings and of wreath
made from Plumeria flowers.
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Abstract Powdery mildew fungi found on leaves, shoots,
and stems of Phyllanthus acidus, P. amarus, and P.
reficidatus proved to be a fungus having morphology unique
in the Erysiphaceae. Light micrographs of a new germina-
tion pattern are added to discuss differences to other four
germination patterns of the powdery mildews. The rDNA
sequences (285 and 18S regions) of the fungi found on
Phyllanthus spp. form a distinct monophyletic clade
strongly supported by bootstrap (100%} in 188 + 28S trees,
which indicates that the fungus is an isolated fungal group
among the Erysiphaceae in tribal level. Because we cannot
find the teleomorphic state of this fungus, 2 new subgenus
Microidium of anamorphic genns Qidium is proposed to
accommodate this organism.

Key words Euphorbiaceae - Molecular phylogeny - Qidium
phyllanthi - Powdery mildew fungi - tDNA

introduction

Powdery mildew fungi occur in both anamorphic and
teleomorphic forms. The characteristics of all structures of
these fungi can be of taxonomic value. Especially among the
earlier authors, the opinion was widely distributed that only
a limited number of features should generally be used in
erysiphacean taxonomy (Braun 1987). Saimon (1900)
stressed that the conidial stages should not be used for
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systematic purposes, and he ignored the taxonomic value of
the anamorphs entirely. Thus, he came to a very wide spe-
cies concept and numerous authors followed him in peglect-
ing the anamorphs.

The first systematic trial to identify the conidial states of
powdery mildews at species level was made by Ferraris
(1910), who grouped species of Oidium according to the size
and shape of their conidia and ereated a key to its species.
Foex (1913), Jaczewski (1927}, and Brundza (1934) contrib-
uted to the classification of the conidiophore types in the
genus Qidium. Jaczewski (1927) introduced the terms
Euoidium and Pseudoidium for Oidium stales with catenate
and solitary conidia, respectively. Hirata (1942, 1955)
provided comprehensive germination experiments with
Japanese species of powdery mildews. Golovin (1956)
reported extensive study on the anamerphs of the genus
Leveillula. A survey on the Erysiphaceae, including the
anamorphbs, was given by Yarwood (1957). Boesewinkel
(1977, 1980) provided the first real key based on a combina-
tion of more than 12 morphological characterstics observed
on conidia, conidiophores, appressoria, haustoria, fibrosin
bodies, and mycelium. Shin and La (1993) and Shin and
Zheng (1998) introduced some new morphological features
of taxonomic relevance.

A progressive report was provided by the work of Cook
et al. (1997), who examined surface of conidia by scanning
electron microscopy (SEM} and separated genus Oidium
into eight subgenera. Braun (1999) discussed the classifica-
tion of the Erysiphaceae proposed by Cook et al. (1997) and
introduced some corrections and alterations. Comprehen-
sive examinations of nucleotide sequences of the rDNA
internal transcribed spacer (1TS) region of powdery mildew
fungi have also been carried out (Takamatsu et al. 1998,
1999, 2000; Saenz and Taylor 1999; Mori et al. 2000). Be-
cause the results of these studies provided numerous mo-
lecular data as well as new SEM examinations {Cook et al.
1997), it was possible 10 rearrange the classification of the
Erysiphaceae (Braun 1999; Braun and Takamatsu 2000).
Recently, Braun et al. (2002) reported that the characteris-
tics of the anamorphs are the base for the generic taxonomy
of the Erysiphales and reflect the phylogeny in this fungal
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group. The teleomorphs are less important for the generic
taxomomy but provide useful features on the species level.
Thus, it is possible to classify the powdery mildews in which
the teleomorphic state generally is not found or rarely
occurs, as in most of the powdery mildews in Thailand
(Sontirat et al. 1994),

Buring 1999 to 2002, 73 powdery mildews in Thailand
were collected and the morphology of conidial germ tubes
was observed using the method described by Hirata (1942),
rDNA sequence analysis of these powdery mildews was
also carried out to classify the unidentified fungi. During
the study, we found a unique fungus, Oidium phyllanthi
J.M. Yen, isolated from three species of Phyllanthus, ie.,
P. acidus Skeels, P. amarus Schum. & Thonn., and P.
reticitlatus Poir., that produces a new type of conidial germi-
nation. The germination Lype is designated as microidium-
type (Teo-anun et al. 2002). The molecular characteristic
supports the morphological result that O. phyllanthi on
Phyllanthus spp. is a unique fungus. This is the first report of
Q. phyllanthi on Phyllanthus spp. in Thailand. Moreover,
this is the first record of . phyilanthi on P. acidus in the
world. In this article, we present morphological and molecu-
lar characteristics of O. phyllanthi on Phylianthus spp. col-
lected in Thailand to propose a new subgenus Microidium
for this fungus.

Materials and methods
Light microscopy of fresh material

Hyphae, conidiophores, and conidia of fresh materials were
stripped off the leaf surfaces with clear adhesive tape,
mounted on a microscope slide with the fungal mycelium
uppermost, and examined in water using light microscopy
with phase contrast using 20X, 40X, and 100X oil immer-
sion objectives. The following information was noted during
the examination of the fresh specimens: size and shape of
conidia, presence or absence of fibrosin bodies, nature of
conidiogenesis, characteristics of the conidiophore, e.g., size
and shape of foot cell, position of the basal septum, shape
and position of hyphal appressoria, position of germ tubes,
and shape of appressoria on germ tubes of conidia. Thirty
conidia were measured for each specimen examined.

Observation of conidial germ tubes was carried out using
the method of Hirata (1942). The inner surface cell layer of
onion scales was cut with a razor in a size of lem® and
stripped off by a clean forceps. The ceil layer was kept in
80% ethanol for more than 2 weeks and rinsed with tap
water for 30min before use. The cell layer was put on a
microscope slide, foliowed by removing excess water with
filter paper, and inoculated with the conidia. The inoculated
cell layer was Aoated on distilled water in a Petri dish
and incubated at 20°-25°C for 24h until microscopic
observation.

DNA extraction and PCR amplification

Whole-cell DNA was isolated from fresh fungal specimens
of herbarium specimens by the chelex method (Walsh et al.
1991; Hirata and Takamatsu 1996). The nuclear rDNA re-
gion was amplified twice or three times by the polymerase
cham reaction (PCRY) using nested primer sets. The follow-
ing thermal cycling conditions were performed in a PCR
thermal cycler SP (Takara, Kyoto, Japan): an initial dena-
turing step at 95°C for 2min; thermocycling for 30 cycles,
where each cycle consisted of 305 at 95°C followed by 30s at
52°C for annealing, and 30s at 72°C for extension; and a
final extension cycle of 7min at 72°C. A negative control
lacking template DNA was included for each set of reac-
tions. The PCR product was subjected to preparative elec-
trophoresis in 1.5% agarose gel in TAE buffer. The DNA
preduct of each amplification was then excised from the
ethidium-stained gel and purified using the Jetsorb kit
(Genomed, Lohne, Germany) following the manufacturer's
instructions.

The oligonucleotide primers used in this study were as
follows. The nucleotide sequences of NS1, NS§2, N§3, NS6,
NS7, and NS8 were obtained from White et al. {1990} and
that of p3 from Kusaba and Tsuge (1995). The nucleotide
sequence of TW14 was kindly provided by Dr. G.S. Saenz.
The primers P1, P2, P3, P4, P6, P7, P8, NL1, NL2, and NL3
were designed by Mori et al. (2000) for the nucleotide se-
quences of the 185 rDNA region of the powdery mildew
fungi. For amplification of the 188 rDNA, primer set T3/
NS1 was used for the first amplification. Partial nested
primer sets ITS2/NS1 and NS8/NS1 were then used for the
second and third amplifications. The set of PM5/TW14, T4/
TW14, and T2Z/TW14 was similarly used for amplification of
the 5’-end of the 285 rDNA including D1 and D2 regions.

DNA sequencing

Nucleotide sequences of the PCR products were obtained
for both strands using direct sequencing in an Applied
Biosystems 373A sequencer (Applied Biosystems, Foster
City, CA, USA). The sequence reactions were conducted
using the PRISM Dye Terminator Cycle Sequencing kit
(Applied Biosystems) following the manufacturer’s instruc-
tions. The primers P1, P2, P3, P4, P6, P7, P8, NS1, NS2, NS3,
NS6, NS7, and NS8 were used for the sequencing of the 185
rDNA in both directions. Similarty, NL1, NL2, NL3, and
TW14 were used for the sequencing of the 285 rDNA,
respectively. The thermocycling was conducted for 30
cycles, where each cycle consisted of 20 s at 96°C, followed
by 20 s at 50°C for annealing, and 4min at 60°C for
extension.

Phylogenetic analysis

The obtained sequences were initially aligned using the
Clustal V package (Higgins et al. 1992). The alignment was
then defined visually with a word processing program with
color-coded nucleotides. Phylogenetic trees were obtained



Fig 1. Sympiom. eonidiophore and
conidia. and germ tubes of the
powdery mildew Qiditon (subgen.
Microidium) phytlanthi. found on
Phyflanihus acidus (A.D. G), P.
amarus (B. E. H) and P. reticiedatus
(C, F, I). respectively. The fungus
produces conidia in chains (D. E. F):;
foot-cell flexous or spiral twisted at
the base (urrows). Conidia produced
germ tubes on the shoulder (G. H. I),
germ tubes broad club-shaped.
terminating in aipple or lobed
appruessoria with hyuline germ tubes
{arrows}. Bars D, G-1 20pm; E, F
30pm

from the data wsing maximum-likelihood (ML), distance,
and parsimeny methods. For ML and distance analyses, the
mosl appropriate evolutionary model was determined for a
given data set using PAUP* 4.0b8 (Swofford 2001} and
Modeltest 3.06 (Posada and Crandall 1998). A starling tree
was obtained with the ncighbor-joining method. With this
tree. likelihood scores were calculated for 56 alternative
models of evolution by PAUP*. The output file was then
imported {0 Modeltest to compare the models by using
Akaike’s (1974) information criterion (AIC). Once a model
of evolution was chosen. it was used to construct phyloge-
netic trees with the ML and neighbor-joining (NJ) methods
using PAUP*,

For the parsimony analysis, we used the maximum-
parsimony (MP) method with a heuristic search using

PAUP*. This search was repeated 100 times with different
random starting points. using the stepwise addition option
to increase the likelihood of finding the most parsimonious
tree. Transversions and transitions were treated as equal
weight. All sites were treated as unordered., with gaps
treated as missing data. The branch-swapping algorithm
was tree bisection-reconnection (TBR}). the MULPARS
option was in effect, and zero-length branches were
collapsed.

The strength of the internal branches from the resulting
trees was tested by bootstrap analysis (Felsenstein 1985)
using 1000 replications. The partition homogeneity test
(Farris et al. 1993) was conducted by PAUP* to determine
whether the 18S and 285 data sets were in conflict, with 1000
replicates.
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Results
Morphological observation

The colonies of powdery mildews found on Phyllanthus
acidus. P. amarus. and P. reticulatus are whitish, covering
the entire surface of the leaves, young shoots, and young
stems (Fig. 1A—C). The fungus is characicrized by forming
catenate conidia (Fig. 1D-F). Conidia produce broad club-
shaped germ tubes (Fig. 1G-1). without fibrosin bodies but
containing oil drop granules (Fig. 2A-C), and foot-celis of
the conidiophores are flexous or spirally twisted (Figs. 1D~
F. 2C). Details of the main characteristic of the fungus on
Phyllanthus acidus (MUMH1778) follow.

Mycelium amphigenous, white, effuse. confluent, form-
ing irregular white patches or covering the whole leaf sur-
face and on young stems, hyphae hyaline, branched,
septate, 3.5-5um wide: appressoria well-developed, multi-
lobed, opposite in pairs or single: conidiophores single on a
hyphal cell, arising from the upper part of mother cells.
position mostly central. 85193 X 5-6um (average. 134 X
S.6um), with a long foot-cell, cylindrical, straight, twisted at
the base, 20-90 X 4—6um (average. 61 X 4.9um), producing
3-9 conidia in chains. with a basal septum near the branch-
ing point of the mycelium or up to 15 um away from it:
conidia small, cylindrical to barrel-cylindrical, (20-)23-26
(=28) X (8-)9-10.5(-11)pm (average, 22.8 X 9.5um), with
oil drop-like inclusion bodies but without conspicuous
fibrosin bodies. producing germ tubes on the shoulder, germ
tubes broad club-shaped. terminating in nipple or lobed
appressoria with or without two to three small hyaline germ
tubes at both ends (Fig. 1G).

Charactenstics of the other two fungi on P. amarus and
P. reticulatus are almost the same as the fungus on P. acidus,
excepting for the size of the conidia. conidiophore. foot cells
and the shape of appressorium.

Phylogenctic analysis

To clarify the phylogenetic placement of O. phyllanthi,
complete nucleotide sequences of the 185 TDNA (~1.8-kb
fength) and the D1 and D2 regions of 285 rDNA (~800-bp)
from 19 taxa covering all five tribes of the Erysiphaceae
were used for the phylogenetic analysis. The data of the
fungi and their accession numbers are listed in Table 1. Of
these. nine complete sequences of the 185 rDNA and three
sequences of the D1 and D2 regions of the 285 rDNA were
newly determined in this study, in which three isolates of O,
phylianthi from different host species are included. Because
the result of the partition homogencity test showed no
direct conflict between the 18S and 285 rDNA data. we
combined these data into a single data set. Byssoascus
siriatosporus (G.L. Barron & C. Booth) Arx (18S:
ABQO15776; 28S: U17912) was used as the outgroup taxon
based on the result of Mon et al. (2000). The resulting large
data set composed of 2526 sites was used to obtain phyloge-
netic trees. The alignment was deposited in TreeBASE

Fig 2. Conidia of Qidium (subgen. Microiditm) phyllunthi found on
Phyllanthus acidus (A), P. amarus (B). and P. reticulams (C). The
conidia of this fungus arce small. cylindrical to barrel-cylindrical, with
oil drop-like inclusion bodies (arrews) but withoul conspicuous
fibrosin bodies. Bars Xluym

(http:/fwww treebase.org/) under the study accession num-
ber of $1129 and matrix number of M1936.

Using Modeltest (Posada and Crandail 1998) under the
AIC, we concluded that the general time-reversible (GTR)
model (Rodriguez et al. 1990). with unequal base frequen-



Table 1. List of the species of Erysiphales used for molecular phylogenetic analysis

Fungal species”

Host plants

Voucher collection and locations®

Database accession no.t
185 rDNA / 285 rDNA

Arthrocladiella mougeotii (Lév.) Vassitkov
Blumeria graminis (DC.) Speer [, sp. bromi
B. graminis (DC.) Speer f. sp. hordei
Cystotheca wrightii Berk. & M.A. Curtis
Erysiphe friesii Lév. var. dahurica

(U. Braun) U. Braun & S. Takam.

E. glycines F.L. Tai em. Zheng var. glycines

E. mori (1. Miyake) U. Braun & 5. Takam.
Golovinomyces orontii (Castagne) V.P. Gelyuta
Leveilluta tmirica (Lév.) G. Amaud

Neoerysiphe goleopsidis (DC.) U. Braun
Oidium phylflanthi .M. Yen

O. phyllanthi

Q. phyitanthi

Phyllactinia moricola {(Henn) Homma
Pleochaeta shiraiana (Henn.) Kimbr, & Korf

Lycium chirense Mitl.

Bromus catharticus Vahl
Hordeum vulgare L. (Barley)
Quercus glauca Thunb. ex Murray
RhA faportica Maxirn, var,
decipiens Maxim.

Desmodium podecarpum DC. sabsp.
oxyphyltum (DC.} H. Ohashi
Morus australis Poir, (Mulberry)
Nicotiana tabaciim L. {Fobacco)
Capsicum anmeum L.

var, grossum Sendtn.

Chelonopsis moschata Miq.
Phyllanthus acidus Skeels

P. amarus Schum, & Thonn.

P. reticularus Poir.

Morus australis Poir. (Mulberry)
Celris simensis Pers, var.

japonica (Planch.) Nakai

MUMH 135, Faraki, Japan
MUMHI17, Mie, Japan
L.L?

MUMH137. Mie, Japan
MUMHS6, Mie, Japan

MUMHS2, Nara, Japan

MUMHS77. Toyama, Japan
L.3*
MUMH124, Kochi, Japan

MUMHS132, Toyama. Japan
MUMH1778, Naa, Theilanad
MUMH1782, Chiang Mai, Thailand
MUMH1761, Nag, Thailand
MUMH35, Mie, Japan

MUMH36, Mic, Japan

MUMHNT0, Kanagawa, Japan
MUMHG68, Mie, Japan

ABO3347T, ABD22379
AB03MTS5. AB022362
ABO33480. ABO22IY
AB120747°, ABOZ235S
AB0O334TE, AB022382

ABI20748.° ABO22397

ABQ33484, AB022418
ABOG3483, AB022412
ABO33479, AB(22287

ABI120749° AB022369
ABI20733," AB120754°
ABI20756° AB120755°
ABI20757° AB120758°
ABQ033481, AB022401

ABI20750,° AB0O22403

ABI20751 ABU22423
AB033482, ABD22410

Podosphoera longiseta Sawada Prinuy grayons Mexm,
P. xanthii (Castagne) U, Braun & Shishkoff Melothria japonica (Thunb.)
Maxim. ex Cogn.

Sawadaea polyfida (C.T. Wei) RY. Zheng &
G.Q. Chen var. japonico U. Braun & Tanda
Typhuiochaeta japonica §. llo & Hara

Acer palmatsm Thunb.

Quercus mongolica Fish. ex
Turez. var. crispula {Bluare)
H. Ohashi

MUMHA47, Mie, Japan ABQ33476. AB022364

MUMHS7?6, Toyama. Japan ABIL20752, ABOZ2415

* Fungi were identified using Braun (1987) and Nemura {1997)
" MUMH, Mic University Mycological Herbarium

¢ The nucleotide sequence data will appear in the DDBJ, EMBL. and GenBank Database under the respective aceession number
* Isolate maimtained as & iving fungus in the Laboratory of Pant Pathology. Mie University

“ Sequence newly determined it this study

cies. a gamma-distributed rate heterogeneity model (four
rate categories, G = 0.6037; Yang 1994}, and an estimated
proportion of invariant sites (0.7632) was the most appro-
priate model of evolution for this data set. A NJ tree gener-
ated by using the data set and the evolution model is
shown in Fig. 3. The ML analysis found a ML tree with a
log-likelihood score of —7038.8210 (tree not shown). MP
analysis found a single MP tree of 626 steps and six trees of
627 steps belonging to two different islands. A total of the
seven trees were subjected to the Kishino—Hasegawa test
(Kishino and Hasegawa 1989) using the above evolution
mode} to select the tree with the highest likelihood. As a
result, a tree having 627 step with a log-likelihood score of
~7032.1216 was selected as the best MP tree [consistency
index {CI) = 0.6204; retention index (RI) = 0.6722; rescaled
consistency index (RC) = 0.4170; tree not shown].

All three tree-constructing methods with different algo-
rithms resulted in similar tree topologies. We thus show
only the NJ tree in Fig. 3, and indicate only bootstrap values
of the three analyses on the tree. All five tribes recognized
in the Erysiphaceae (Cook et al. 1997; Braun 1999; Braun
and Takamatsu 2000) are again supported as the respective
monophyletic groups in the NI analysis (Fig. 3). In the
ML and MP analyses, although the tribes Erysipheae,
Phyllactinieae, Cystotheceae, and Blumerieac are also
supported as monophyletic groups, the tribe Golovino-
myceteae becomes paraphyletic. Three isolates of Oidium
phyllanthi from Phyllanthus spp., i.e., P. acidus, P. amarus,
and P. reficulatus, formed a distinctive clade with a boot-
strap support of 100% in all three tree-constructing meth-
ods. The Q. phyllanthi clade is not included in any of the five

tribes. The present molecular characteristic supports the
morphological result that Q. phyllanthi on Phyllanthus spp.
is 2 unique fungal greup. Moreover, the present phyloge-
netic analysis indicates that O. phyflanthi is an isolated
group among the Erysiphaceae in tribal level.

Discussion and taxonomy

According to the aforementioned characters, the fungus
found on three species of Phyilanthus is in accord with those
of Oidium phyllanthi reported by Yen (1967). He first
established ©O. phyllanthi on Phyllanthus wurinaria L.
(Euphorbiaceae) collected in Taiwan in 1966. In his descrip-
tion, he provided a drawing and described two types of
conidia and conidiophores: a primary conidiophore produc-
ing primary conidia as well as a secondary conidiophore
producing secondary conidia. The primary conidium is oval,
cylindrical to oval, whereas the secondary conidium is cylin-
drical. Narayanswamy and Ramakrishnan (1969) reported
O. phyllanthi on P. niruri collected in India. Unfortunately,
they did not provide a drawing or measurements; only the
size of the conidia (14.5~20 x 2.2-9.1 um) was provided in
their description. Braun (1987) commented in his mono-
graph that these slender conidia are very unusual for pow-
dery mildews. In the same paper, Braun (1987) described
this fungus as follows: mycelium amphigenous, white,
effuse, confluent, hyphae hyaline, branched, septate, 3.6
4.2pm wide, appressoria lobed. conidiophores erect, 3-8-
septate, cylindrical, flexuous below, 93.4-156 X 7.2-8.4um,



Golovinomyces orontii
Tribe

Arthrocladiella mougeotii .
Golovinomyoceteae

Neoerysiphe galeopsidis
100710100 O- phyllanthi ex P. amarus
10071007100 O. phyllanthi ex P. acidus
— L—— O. phyllanthi ex P. reticulatus
il Erysiphe glycines
£00/100/100 Erysiphe friesii |1,
60/82/91 — Erysiphe mori Erysipheae
9595/ — Typhuloc haeta japonica
100/100/1 Phyllactinia moricola
Leveillula taurica Tribe

[ ] ||

Phyllactinicae

Pleochacta shiraiana

o/1oviod  Blumeria graminis ex Hordeum]-]»ribe

0.005 substiutionskite

Fig 3. A neighbor-joining {NJ) iree based on the combined data of the
185 and 288 rDNA (D1 and D2 regions) sequences for three isolates of
Oidiumn (subgen. Microidium) phyllanthi, 15 taxa of the Erysiphaceae
covering all known tribes. and an outgroup taxon. Model parameters:
unequal base frequencies with rate heterogeneily; gamma shape
parameter = 0.5574: proportion of invariable sites = 0.7553; six

foot-cell cylindrical, 72-103 X 5-6um, conidia in chains, 3—
8 conidia, ovoid to cylindric-ovoid or cylindrical, 20-28 X 7—
10pm. The other records of this fungus were also found on
P. amarus from Ghana, on P. niruri from Ceylon, Ghana,
Java, and Mauritius, on P. reticulatus from Ceylen, and on
P. rheedii Wight from India. Five pewdery mildews, Oidium
sp.. O. phyllanthi, G. cichoracearum {DC.) V.P. Gelyuta,
Erysiphe sp., and E. phyllanthi (Tanda & U. Braun} U.
Braun & S. Takam., have been recorded on 12 species of
Phyllanthus in the world (Amano 1986). The morpholegical
characteristics of powdery mildew on Phyllanifues spp. in
Thailand are in goed agreement with O. phyllanthi. There-
fore, the fungus on Phyllanthus spp. should be identified as
O. phyllathi. The corresponding teleomeorphic state has net
been recorded.

Cook et al. (1997) examined the surface of conidia by
SEM and separated genus Oidium into eight subgenera.
The characteristics of O. phyllanthi differ from those of the
eight subgenera. Interestingly, the fungus on Phyllanthus
spp. has some unigue characters, L.e., ¢ylindrical to barrel-

Blumeria graminisex Bromus 1 Blumerieae
_;74;9@1 Sawadaea polyfida
100/ 100/ ] Cystotheca wrightii Tribe
100/100/ Podosphaera xanthii |Cystotheceae
Podosphaera longiseta

Byssoascus stralosporus

rate categories; general time-reversible (GTR) model (Rodriguez et al.
1990) with transformation parameters [A-C] = 10000, [A-G] =
22991, [A-T] = 05279, [C-G] = 0.5279, [C-T] = 5.1365, [G-T] =
1.0000. Bootstrap values (>50%) for NJ/maximum likelihood (ML)
maximum-parsimony (MP) analyses are given above nodes

eylindrical conidia, cenidiutn initials gradually developing
into conidia, conidium initials and conidia hardly separable,
and mature conidia containing two eil drop-like inclusion
bodies but without conspicuous fibrosin bodies. Moreover,
further studies of the conidial germ tube revealed that the
powdery mildew on Phyllanthus spp. produces a unique
germination type, the microidium type (Teo-aznunr et al.
2002), in which the conidia produce germ tubes on the
shoulder or at the end of conidia, germ tube short, ~0.8-1.2
times as long as conidial length, terminating in a bread club-
shaped, with nipple-shaped swelling, or a slightly lobed ap-
pressofia, with or witheut twe or three smaller germ tubes
at the end of conidia. This germination type is not identical
to-those of any other powdery mildews reported by Hirata
{1955) and Braun (1987). Therefore, this fungus should be
intreduced inte a new subgenus of Oidinm on the basis of
these unigue characteristics.

Molecular phylogenetic analysis based on the 185 and
28S rDNA sequences supported the morphelogical unique-
ness of O. phyllanthi. The fungus formed a distinct clade



and did not belong to any of the five tribes recognized in the
Erysiphaceae (Braun et al. 2002). The result strongly sug-
gests that this fungus should be placed in a new genus and
new tribe of the Erysiphaceae, However, because of lacking
teleomorph, it is impossible to propose new meiosporic
genus for this fungus. We thus propose a new subgenus
Microidium of mitosporic genus Qidium to accommodate
this organism.

Taxonotmy

Qidiam subgenus Micreldium C. To-anun &
S. Takamatsu, subgen. nov.

Mycelio albo, effuso, confluenti; hyphis repentibus, tortuo-
sis, ramosis, septatis, hyalinis; appressoriis lobatis; conidio-
phoris ex hyphis oriundis, erectis, rigidioribus, cylindraceis,
hyalinis, cellula pedis cylindracea, inferne tortili praeditis;
conidiis aliquot catenulatis, hyalinis, membrana levi,
unicellularibus, cylindraceis vel doliiformibus, apice
utrinque rotundatis vel leviter truncatis, cum corporibus
guttae oreis similibus, sine corporibus fibrosaceis; tubis
gemninalibus e partibus humeli utrinque vel e apicibus
conidii nascentibus, brevibus, cum tumore late clavati
mammifori vel appressoriis feviter lobatis ferentibus.

Type species: Oidium phyllanthi 1.M. Yen.

Description: Mycelium amphigenous, appressoria multi-
lobed, conidiophores erect, simple, foot-cells long, straight,
slightly twisted at the base. Conidia small, unicellular, hya-
line, cylindrical to barrel-cylindricai, with oil drop-like in-
clusion bodies, without fibrosin bodies, producing germ
tubes on the shoulder, germ tubes broad club-shaped,
terminating in nipple-shaped or lobed appressoria
(microidium type).
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2.2.15 NEW BRASILIOMYCES SPECIES ON DALBERGIA CULTRATA GRAH. EX. BTH
VAR. CULTRATA IN THAILAND
Chaiwat To-anun *, Saranya Limkaisang #, Sawwanee Khom-un * and Susumu Takamatsu

A Dept. of Plant Patholegy, Fac. of Agriculture, Chiang Mai Univ. 50200, Thailand
B Lab. of Plant Pathology, Fac. of Bioresources, Mie University, Japan

INTRODUCTION

Member of the Erysiphaceae have been recorded in
Thailand (Giatgong, 1980) but no comprehensive taxonomic
assessment of those powdery mildew fungi, which occur in
Thailand has previously been made. In this investigation
collections of the powdery muldews were made in December of
1999 an atternpt to identify and record locally occurring members
of the group. A new Brasiliomyces species of the current
taxonomic has been found and was investigated by light
microscope and SEM comparison with the known Brasiliomyces
species including type spectmens of B. entadae.

MATERIALS AND METHODS

The Brasiliomyces species found on leaves of Dalbergia
cultrata Grah. ex Bth. var cultrata was collected and examined.
Cleistothecia and hyphae were removed from the host surface by
pressing the latter against Scotch tape stuck to a microscope slide.
After the cleistothecia have been crushed, the number of asci, and
the shape, size and number of spores in each ascus were
determined. For comparison, we examined the known
Brasiliomyces species including type specimens of B. entadae, and
compared them with the present fungus under light microscope and
SEM.

RESULTS AND DISCUSSION

The Brasiliomyces species found on leaves of Dalbergia
cultrata Grah. ex Bth. var. cultrata has no conidial state. Mycelia
are amphigenous, mainly epiphyllous. Cleistothecia scattered, ca
(35~ 40~50 (~55) pm in diameter. Peridium consists of thin, one
conspicuous layer, yellowish to light brown, and semitransparent.
A few appendages are found in the basal part of cleistothecia, very

short, and often branched and rather coral-like. Usually two asci
are included in a cleistothecia, sessile or shordy stalked, (min
25um) 27-31pmx 35~43pm (max S0pm) in size. Number of
ascospore is usually six, ellipsoid-ovoid, hyaline or yellowish,
8.5~11pmx 15~19pm in size. According to the above characters,
the fungus was identified as a Brasiliomyces species. This is the
first record of Brasiliomyces in Asia. Only three species of
Brasiliomyces have been described in the world (Braun, 1987). We
examined the known Brasiliomyces species including type
specimens of B. entadae, and compared them with the present
fungus. The fungus on D. cultrata is clearly distinguished from all
of the other species of Brasiliomyces by the smaller ascomata with
only two asci. This fungus will be report as a new species of
Brasiliomyces elsewhere.
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New Germination Type of Conidia of Fowdery Mildews Found
on Phyllanthus spp.

C. To-Anun', A. Sunawan', S. Linkaisang', 5. Khom-un', Y. 5ato? and S. Takamatsu®
'Department of Plant Pathology, Chaingmai University, THAILAND, *College of Technology, Toyama Prefectureal
University, Toyama, JAFAN, “Laboratory of Plant Pathology, Faculty of Bioresources, Mie University, JAFAN

Introduction

Powdery mildew fungi oceur in both anamorphic and teleomorphic forms. However, teleomorphic stale, which is
necessary for critical identification, rarely occurs or has not been found in most of the Thai powdery mildews. In recent years
several workers have attempted to identify powdery mildews based on conidial characters (Boesewinkel, 1980; Cook e1al. 1997;
Shinand La. 1993). Since cach species of powdery mildew produces a distinctive germ tube shape from specific locations on the
cenidia, special germination types are connected with particular powdery mildew genera or sections. Hence, the germ tubes and
germination pafterns provide good, useful diagnostic and taxonomic characteristics for the Erysiphaceae. Braun (1987) agreed
with Hirata (1955) that the germination patterns arc divided into four types, Polygoni, Cichoracearum, Pannosa and Fuliginea.
Here we report a new germination (ype, Microidium-type, in Qidium phivilanthi isolated from three species of Phyllathus.

Materials and Methods

Powdery mildews were cotlected in Thatland between 2001 and 2002 from 73 different plant species. Observation of
conidial germ tubes was conducted according to Hirata (1942) described as follow; the inner surface cell layer of onion scales was
cut with a razor in a size of 1 ¢cm2 and was siripped oft by a clean forceps. The cell layer was kept in 80% ethanol in a close
chamber for more than two weeks and rinsed with tap water for 30 minute before used. The cell layer was put on a microscope
slide followed by removing of the excess water with a filter paper, and inoculated with the fungal conidia. The inoculated cell

layer was floated on distilled water in a petri dish, and incubated at 25-30 °C for 24 hours until microscopic observation.

Results and Discussion

Morphology of conidial germ tubes was observed for 73 pewdery mildews collected in Thailand using the methed
deseribed by Hirata (1942). During the observation, we found a new germination type (Fig. 1) in Oidium phyllanthi isolated from
three species of Phypllathus, P acidus, P amarus and P reticulatus. The germination type is designated as Microidium-type.
Germ twibes terminating in a broad club-shaped appressorium with nipple-shaped swelling at the end, or a slightly lobed
appressorium, short, ca. 0.8 - 1.2 times as longs as conidial length, with or without another small germ tubes at the end of conidia.
This type of conidia contains oil-drop like inclusion bodies. This fungus will be reported as a new subgenus of Qidium elsewhere.
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I'_I'.- y a Fig 1. Conidial germ-tubes, Microtdium type, of QOidium
| 1 phyvilanthi, isolated from A) £ acidus, B) P amarus and C) P
reliculatus.
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1. INTRODUCTION

NEWLY FOUND IN THAILAND

ABSTRACT The genus Brasiliomyces is a unique powdery mildew
having a single layer of peridium cells of ascoma. Production of conidia is
not found. All six species described in this geous are disjunctively
distributed in (sub) tropical regions such as South Africa, Hawaii, California
(North America), India, Taiwan and South America. We conducted
phylogenetic apalysis of B. frina isolated from Quercus agrifolia in
California using the nucleotide sequences of the 185, 288 rDNA and ITS
regions. The result indicated that the fungus is closely related to Erysiphe
gracilis and Biphulochaeta japonica, both of which are parasitic to Quercus
and endemic to East Asia, in spite of its unique morphology. The three
powdery mildew species belong to Erysiphe sect. Uncinula in their
phylogeny, which was unexpected from their morphological characteristics.
We found a new species of Brasiliomyces, B. chiangmaiensis, on Dalbergia
in Northern Thailand several years ago. The nucleotide sequence of the
rDNA revealed that the fungus is distantly related to B. frina. This suggests
that these two Brasiliomyces species do not share a common ancestor, and
diverged independently from different ancestors. Because the powdery
mildew fungi is considered to be originated in temperate region of Northern
Hemisphere, the fungi distributed in (sub) tropical regions may be
introduced from temperate regions. Most of them lose the ability of
ascomatal (teleomorpk) formation and produce ounly conidia in their life
cycle. On the other hand, completing life cycle only by ascospores (sexual
spore) could be more adaptive than producing conidia in a certain condition.
Brasiliomyces may be an instance of such kind of evolution, in which they
diverged independently in the respective region as a result of parallele
evohition. We will propose a possible hypothesis on the evolution of
Brasiliomyces.

range of host plants, or sometimes only a particular

Powdery muldew fungi are important pathogens
belong to the wurder Erysiphales of the phylum
Ascomycota (Hawkaworth et al, 1995). They are a
group of obligately parasitic fungi of plants which
cannot be cultured on artificial media (Takamatsu et al.,
1999) and cause powdery mildew diseases on the
leaves, stems, fruits and flowers of a wide range of
about 10,000 angiosperm species (Amano, 1986). With
the exception of the dormant stage, their life cycle
completely depends on living hosts, from which they
obtain nutrients without killing the host cells and
without which they are unable to survive (Matsuda and
Takamatsu, 2003). To maintain the obligate parasitic
life cycle, Erysiphaceae have developed highly specific
and sophisticated mechanisms to avoid the resistance
system of the hest, to obtain nutrient resources from the
host without mjuring the host cells, to synchronize their
life cycle parameters to those of the host, etc. (Aist and
Bushnell, 1991; Bushnell and Gay, 1978; Giese et al.,
1997). As a natural outcome, most species of the
Erysiphaceae show strict host specificity, in which a
given species or race can infect and utilize a parrow
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species of host (Schmitt, 1955).

Generally, powdery mildew fungi have been classified
mainly on the basis of their teleomorphic characters, but
there are many species whose teleomorphic stages have
not been found, or are rarely found Lack of a
teleomorphic state makes it difficult to discuss the
phylogenetic relationships between anamorphic species
and teleomorphic species (Hirata and Takamatsu,
1996). Recent advances in molecular techniques such as
DNA-DNA hybridization, RFLP, RAPD-PCR, PNA
sequencing and electrophoretic karyotypiong, have made
it possible to investigate the phylogeny of a variety of
organisms at the molecular level (Bruns et al., 1991).
However, most of these techniques are not applicable to
powdery mildew fungi, because these obligately
parasitic fungi cannot grow on artificial media and thus
the amount of DNA obtainable from the target fungi
often insufficient for analysis using these techniques
(Hirata and Takamatsu, 1996). Among the molecular
techniques, ribosomal DNA (rDNA) amplification and
the direct sequencing of the PCR product developed by
White et al. (1990) seem to be the best for phylogenetic



studies of powdery mildew fungi, because DNA
sequences can be analyzed using only a smail amount of
fungal material. Therefore, current taxonomic research
in powdery mildews is characterized by new
morpholegical and molecular characteristics.

During 1999-2002, a servey of Erysiphales in
Northern part of Thailand was conducted. Previously,
there were some records of powdery mildew in
Thailand, in which 37 host plant species covering 17
families have been recorded. In this study, 73 fungal
taxa from 109 specimens were examined, of which 70
taxa consist of only anamorphic state. Teleomorphic
state can be found on only 3 host plant species which
one of them is identified as a new species of
Brasiliomyces found on leaves of Dalbergia cultrata
var. cultrata. This fungus agrees well with the general
charactenistics of the genus Brasiliomyces, and is easily
distinguishable from the other six species of
Brasiliomyces by having smaller ascomata and very
few asci. Brasiliomyces chiangmaiensis To-anun &
Takamatsu is proposed to accorumodate this fungus
(To-anun et al., 2003). Molecular phylogenetic studies
based on IDNA sequence data of this fungus was
conducted and compared with B, trina. This is the first
comprehensive study of powdery mildews in Thailand
by comparing morphological characteristics with
phylogenetic analyses of the IDNA nucleotide
sequences.

2. MATERIALS AND METHODS
2.1 Morphological Observation:

The leaves of Dalbergia cultrata var. cultrata with
Brasiliomyces chiangmaiensis were collected at the
Queen Sirikit Botanical Garden in northern Thailand
and examined as fresh material. For comparison,
hetbarium samples of B. #rina, B. malachrae and B.
entadae (IML 124287) were also examined. Hyphae,
ascomata, appendages, asci and ascospores of each
fungal collection was stripped off from the leaf surfaces
with a clean needle, mounted on a microscope slide and
examined in water using light microscope with phase
contrast 20x, 40x and 100x oil immersion objectives.
The following information was noted during the
examination of the fresh specimens: size and shape of
ascomata, presence or absence of appendages, structure
and size of peridial cells, number of asci per ascus,
number of ascospores per asci, size and shape of asci
and ascospores, shape and position of hyphal
appressoria. Thirty ascomata were measured per
sample.

2.2 DNA extraction and rDNA amplification:

Fungal DNA was extracted by the method of Hirata
and Takamatsu (1996). Twenty cleistothecia of 8.
chiangmaiensis and B trina were add to 300 pul of 5%
Chelex (Bio-Rad) in a 1.5-ml microcentifuge tube and
incubated at 56°C for several hours. After mixing
vigorously, the extract was incubated in a boiling water
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bath for 8 min. The extract was mixed vigoriously
again, and then centrifuged at 15,000 x g for 5 min.

The nuclear rDNA regions, i.e., the 185 rDNA_ TS
region including the 5.88 rRNA gene, and the 28§
tDNA, were amplified by the polymerase chain reaction
(PCR) using nest primers sets. PCR reactions were
conducted in a total reaction of 50 pl, including the
following reagents: H.O 28.8 ul, 10 x PCR buffer
(100mM Tris-HCI, pH 8.3, 500 mM KCI, 15 mM
MgCR), 5 pl; 2.5 mM of each deoxyribonucleotide
triphosphate 4 pl; two primer set (20 pmol/ul) 1 pl, Tag
DNA polymerase (5 unit/pl) 0.2 pl, and DNA 10 ul. A
negative control-lacking template DNA was included
for each set of reactions. The following thermal cycling
conditions were performed in 2 PCR thermal cycler SP,
an initial depaturing step at 95°C for 1.5 min;
thermocycling for 30 cycles, where each cycle
consisted of 30 sec at 95°C followed by 30 sec at 52°C
for annealing, and 30 sec at 72°C for extension; and a
final extension cycle of 6.5 min at 72°C. One microliter
of the first reaction mixture was used for the second
amplification with the partial nested primer set.
Components of the reaction mixture and the thermal
cycle conditions for the PCR product from the second
amplification were the same as for the first PCR. The
PCR product was subjected to preparative
electrophoresis in 1.5% agarose gel in TAE buffer. The
DNA product of each amplification was then excised
from the ethidium-stained gel and purified using the
JETSORB kit (GENOMED, Germany) following the
manufactarer’s protocol.

2.3 DNA Sequencing and data analysis:

Nucleotide sequences of the PCR products were
obtained for both strands using direct sequencing in an
Applied Biosystems 373A sequencer. The sequence
reactions were cooducted using the PRISM Dye
Terminator Cycle Sequencing kit (Applied Bios; stems)
following the manufacturer’s instructions. The primers
P1, P2, P3, P4, P6, P7, P8, NSI, N§2, NS3, NS, N§7
and NS8 were used for the sequencing of the 185 tDNA
in both directions. Similarly, NL1, NL2, NL3 and
TW14 were used for the sequencing of the 285 DNA,
respectively. The thermocycling was conducted for 30
cycles, where each cycle consisted of 20 sec at 96°C
followed by 20 sec at 50°C for annealing, and 4 min at
60 °C for extension.

The sequences were initially aligned using the
CLUSTAL X package (Higgins er al. 1996). The
alignment was then visually refined with a word
precessing program, using color-coded nucleotides.
Phylogenetic trees were obtained from the data using
parsimony and distance methods. For the parsimony
analysis, we used the Parsimony Ratchet method
(PAUPRat) (Nixon, 1999). This using the stepwise
addition option o increase the likelihood of finding the
most parsimonious tree with a heuristic search using
PAUP version 4.0b8 (Swofford, 2001). Gaps in the



aligned sequences were treated as missing data. The
strength of the internal branches from the resulting trees

were tested by bootstrap analysis using 1000
replications (Felsenstein, 1985).
For distance analysis, PAUP version 4.0b8

(Swofford, 2001) was used to obtain a distance matrix
using Kioura two-parameter algorithm (Kimura,
1980). A neighbor-joining tree was constructed (Saitou
and Nei, 1987). The strength of internal branches from
the resulting trees was tested by bootstrap analysis
(Felsenstein, 1985).

3. RESULTS

The teleomorphic characteristics of the powdery
mildew on Dalbergia cultrata var. cultrata are as
follows; mycelium amphigenous, mainly epiphyllous,
persistent, forming irregular white patches, Hyphae
hyaline, superficial, almost straight to somewhat
undulate, 3-4 pm wide, branching at right or narrow
angles. Appressoria well-developed, nipple to oblong
club-shaped, single or occasionally opposite in pairs.
Conidiophores and conidia unknown. Ascomata
scattered to gregarious, (35-)38-45(-48) pm diam
(average 41.4 pm); cells of the wall daedaleoid when
mature, (10-}15-20 pum diam; peridium thin, one
layered, yellowish to light brown, semitransparent, with
few basal appendages (2-6, sometimes lacking),
mycelioid, thin walled, hyaline, sometimes pale brown
near the base, aseptate, often branched, coral-like,
almost uniform in width, shorter than the ascomatal
diameter, 5-30 x 3-5 pm. Asci two, sessile or
short-stalked, thin walled, 33-40(45) x 27-35 pm
(average 38.1 x 31.5 um), 6-spored (Fig. 1). Ascospores
ellipsoid-ovoid, olivaceous to pale greenish due to oil
drops, 15.5-18.2 x 8.5-10.5 pm (average 17.5 x 9.3
pm). This fungus agrees well with the general
characteristics of the genus Brasilionyces, therefore,
Brasiliomyces chiangmaiensis C. To-amun & S.
Takamatsu is proposed to accommodate this fungus
(To-anun et al., 2003). This is the first record of
Brasiliomyces species from Southeast Asia.

Molecular phylogenetic studies based om rDNA
sequence data of B. chiangmaiensis was conducted and
compared with B. frina and other powdery mildews. A
peighbor-joining frec based on the 28S rDNA
sequences showed that B. chiangmalensis was placed at
the basal position of the tree, and was distant from B.
frina that grouped in the FErpsiphe clade. A
neighbor-joining tree based on the 185 DNA
sequences indicated that B. chiangmaiensis formed a
clade with Erysiphe clade including B. frina, but it had
long independent branch supported by bootstrap value
100%. Neighbor-jolning trees constructed by the
combined data sets of !85+288 [DNA and
185+285+5.85 rDNA showed that B. chiangmaiensis
was the sister of the Erysiphe clade. However, it was
distantly related with B. #rina. The position in the
phylogenetic tree and the difference in morphological
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characteristics between B. chiangmaiensis and B. trina
indicate that the two fungi are not conspecific. This
suggests that these two Brasiliomyces species do not
share a common ancestor, and diverged independently
from different ancestors. Because the powdery mildew
fungi is considered to be originated in temperate region
of Northern Hemisphere, the fungi distributed in (sub)
tropical regions may be introduced from temperate
regions. Most of them lose the ability of ascomatal
{tcleomorph) formation and produce only conidia in
their life cycle. On the other hand, completing life
cycle only by ascospores (sexual spore) could be more
adaptive than producing conidia in a certain condition.
Brasiliomyces may be an instance of such kind of
evolution, in which they diverged independently in the
respective region as a result of parallele evolution.

Myecelia,
ascomata of Brasillomyces chiangmaiensis (A):
scapning electron micrograph of an appressorium,

Figure 1: appressoria and young

oblong club-shaped (B); ascoma (C), light
micrograph of peridium cells (D); asci (E); ascomata
with appendages (F); and germination of ascospores
on onion epidermal cells (G and H).



4. DISCUSSION

Brasiliomyces is a little-known genus of powdery
mildew which having a single layer of peridium cells of
ascoma. It is characterized by hyaline or light-colored,
non-ostiolate, thin-walled ascocarps and lacking
appendages (Hodges, 1985). First species of
Brasiliomyces was established on account of the
absence of ascomatal appendages by Viégas in 1944
named as B. malvastri. This fungus was found on
Malvastrum coromandeliamum in South America. He
suggests that non-appendage is an important character
of this genus. In 1964, Blumer and Muller gave a new
genus Salmonia for Erysiphe malachrae Seaver.
Salmonia malchrae is parasitic to Gossypium hirsutum.
Later, B. entadae on Entada spicata from South Africa
was described by Marasas in 1966. Semitransparent
ascocarp without appendage is important characters of
B. entadae. In addition, they studied comparison of
characters of B. malvatri, Salmonia malachrae and B.
entadae. They also represented three distinct species of
Brasiliomyces. In 1980, Boesewinkel transfered E.
malachrae to Brasiliomyces malachrae. Therefore,
genus Salmonia became a synonym of Brasiliomyces.
Braun (1981) published a new genus Californiomyces,
Californiomyces trina for Erysiphe trina Hartkness. He
suggested that two ascospores of Erysiphe trina should
be belonged to Leveillula, Phyllactinia and Pleochaeta
but not Erysiphe or Brasilionyces. He used characters
of two ascospores and sizes of ascospore as a criterion
to erect genus Californiomyces. Zheng (1984)
re-examined characters of B. malvastri, B. entadae, B.
malachrae, and C. trina. She suggested that all
specimens agree with theirs original description
excepted she found scarce, rudimentary appendages, at
least in some ascomata. She further suggested that
there is no difference between C. frina and
Brasiliomyces, and proposed to transfer C. #rina into
Brasiliomyces. Therefore, the genus Californiomyces
became a synonym of Brasiliomyces. Additionally, she
observed and compared characters of B. malvastri and
B. malachrae, and concluded that the two species are
conspecific. Later, Hodges {1985) erected new species
of Brasiliomyces, B. setosus on Sapindus oahuensis
found i Hawailan Island. He examined most of the
specimens observed by Zheng (1984) except B. trina.
His observation showed that B. sefosus shared the same
characteristic, thin-walled ascocarp and lack of
appendage with other Brasiliomyces. However,
morphological characteristic of Brasiliomyces setosus
was distinguished from other species of Brasiliomyces,
in which B. setosus has the dense layer of sctae covering
the superficial hyphae. Braun (1987) also examined
type collections of Brasiliomyces species to confirm
that rudimentary ascomatal appendages were present.
He distinguished Brasiliomyces from Erysiphe by its
thin-walled (one layered) peridium. Ferthermore, B.
cyclobalanopsidis was report found on
Cyclobalanopsis glauca in Taiwan (Kuo ef al., 1992)
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and B. kumaonensis was report found on Quercus sp. in
Northern India (Ahmad ef al., 1998)..

Morphologically, a powdery mildew found on leaves
of Dalbergia cultrata var. cultrata in Thailand is
characterized by having thin-walled, semitransparent
ascocarp with few basal mycelioid appendages
(aseptate, often branched and coral-like) or sometimes
lacking. The teleomorphic charactetistics of this fungus
agrees well with the general characteristics of the genus
Brasiliomyces and it was proposed as Brasiliomyces
chiangmaiensis (To-anun ef al., 2003). Based on this
observation, B. chiangmaiensis differs from other
species of Brasiliomyces by its smaller size of ascomata
which are very small, 3845 mm (48 mm, max) diam,
These very small ascomata are unique compared with
the hitherto known species of the genus Brasiliomyees,
in which the size of ascomata ranges from 50 to 70 mm
(Braun 1987; Hodges 1985). Not only size of ascocarp,
size of ascus and ascospore is smaller than other species
except B. cyclobalanopsidis having nearly same size
with B. chiangmaiensis. However, they are different in
number of asci and ascospore. B. chiangmaiensis has
only 2 asci containing 6 ascospores. While B
cyclobalanopsidis bas 2 asci containing § ascospores,
B. enatadae has 3-5 asci containing 5-8 ascospores, B.
malacharae bas 2-4 asci containing 4-5 ascospores, B.
setosus has 3 asci containing 5-6 ascospores, B. trina
has 3 asci containing 2 ascospores, and B. kunaonensis
has 3-5 asci containing 4-6 ascospores. Therefore, the
genus Brasiliomyces has currently seven species, A.
trina (North America), B. entadae (South Affrica), B.
malachrae (South America), B. setosus (Hawaii), B.
cyclobalanopsidis (Taiwan), B. kunaonensis (Northem
India) and B. chiangmaiensis (Northern Thailand)
{Braun 1987; Hodges 1985; Kou er al., 1992; Ahmad et
al. 1998; To-anun ef al., 2003). All of seven species of
this genus are disjunctively distributed in (sub) tropical
regions.

There is no report of anamorphic state in
Brasiliomyces except for B. malvastri, in which
anamoerph was reported by Viégas mm 1944, He
described that conidia formed in chains without fibrosin
bodies occurred with teleomorph state of B. malvastri.
However, Hodges (1985) suggested that conidial state
of Qidiopsis gossypii sometime occur simultaneously
with B. malachrae in Peru and Venezuela. Anamorphic
state of this genus has no been reported in other species.

Phylogenetic trees of whole powdery mildew have
been reported by Mord er al. (2000) based on the
sequences of 18S, 285, and combined 188, 288, and
5.85 using different tree-building methods (parsimony
and neighbor-joing methods). The phylogenetic trees
placed B. trina in the Pseudpidium lineage. In this
lineage, powdery mildews on Quercus species, B. trina
and E. gracilis grouped together. Additionally, they
constructed a constraint tree based on a hypopthesis that
Erysiphe (section Erysiphe) and Brasiliomyces should
be monophyletic. Kishino-Hasegawa test showed that



the bypothetical tree was significant rejected, indicating
that Erysiphe (section Erysiphe) and Brasiliomyces are
not monophyletic. The present study revealed that DNA
sequences of the ITS, 18S, and 28S of B
chiangmaiensis are unique compared with B. #rina and
other powdery mildew, which supported that B.
chiangmaiensis is a new species. The ITS sequecnces
(ITS1 and ITS2) are too variable to construct a
phylogenetic tree. However, 28S and 18S include the
good amount of information for constructing
phylogenetic trees. A 28S phylogenetic tree showed
that B. chiangmaiensis does not group with Erysiphe
species (including B. trina). The phylogenetic tree
showed that B. chiangmaiensis placed at the basal
position of the tree. In the 188 tree, B. chiangmaiensis
formed a clade with Erysiphe clade including B. tring
but it had long independent branch. Because 28S and
18S showed conflicted positions, combined trees of
285+18S and 28S+188+58S8 were constructed to
compare with 185 or 288 data alone. Both 285+18S and
285+188+5.85 phylogenetic tree shows that B
chiangmaiensis was the sister of Erysiphe clade.
However, B. chiangmaiensis was distantly related with
B. trina and placed at unique position. In conclusion,
based on the morpbological and molecular data, we
described B. chiangmaiensis which causes a powdery
mildew on Dalbergia cultrata var. cultrate as a new
species of Brasiliomyces. No close relationship has
been found with other described Brasiliomyces species.
This may be because this species occurs in Asia where
is distant from the origin of other Brasiliomyces
species, i.e., South America in B. malacharae, South
Africa in B. entadae, North America in B. frina, and
Hawaii in B. setosus. Furthermore, B. chiangmeaiensis is
the first report of powdery mildew genus Brasiliomyces
in Thailand and also in Southeast Asia.
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B-2903 7 7kl d = v A T X RN Leidyomyces M v 1 Mo ot
ok K T Chaiwar To-anun 20 (") 4 bkog o L e T k)
A species of Leidyomyces coliecled from Chiang Mai, Thailand
By H. Sate'', €. To-anun®’
(" Forestry and Forest Products Res. Inst., ' Chiang Mai Univ.)

FARXBF 2214 0B T, 20V Y LSO —#(Aceraius helferiy® % B M,
L. leidiomyces B 1 MERR L. 700 YL EBLEAEADHIET LD
CHIFEEL - BT AM» S HEL BB EHHLAE BNA®E AW S Tk L
BSOS FTZz/NTHAL THBE2EELEZLSI S 0 DO BGR— I K
P77 AMERETLIHEROBAMNBEEZNLE /2 oMz EMONBO &I
FHELTWE fHEF AR SOSRBABBLLEZLOES A 5N B
B THEETL2HEPS ISFLULOBANNEEERATLIHEENS - = Hk
RN TaRBEAATH DS AR ATEEMNOEREY 11-25x m, &% i
11-32um ThHhohE JTHRBOKBEBOFEHRLICLD ABW Leidyomyces &
EREINE EHOBAISHE T T EEWE 7500 m i0E L A2 8 mEIT R
MIzB A RBRERFERTEERELTWE CORIMFTERTEATHRE TH 0, K
=T X 8 =26-41 X 14.,5- 18( ¢ m), ¥ 5 33.58 X 15.8 (u m), (N=18) T & -
7= Leidyomyces B & 1 /B 18 L. attenuatus & fL % . L. attenuatus O i @ fa
FEHEgEL ABORTFERFEIRAETS > 2. '

B-2004 4 ¥ B Umbelopshis ramanniana DWERIZR & 1TS ﬁui‘ﬁ,’zt:iolfj‘i’aﬂﬁu%‘:éﬂ MJO)‘{%HE _
ANEE D kSRR - BF B Y- @HES 2 O AAKEEFER. CHEEXTEY
sy Ly —, VRFIRELIE (B) _ '

The relationship between morphological variations of Umbelopsis ramanmaqf and
its ITS sequences. (Y. Ogawa', T. Mizuyoshi®, S. iwamoto™ and S. Tokumasu
(" College of Pharmacy, Nihon Univ. “Sugadaira Mon. Res. Cent., Univ. Tsukuba.

“ Kyowa Hakko Kogyo Co. Lud.)

Umbelopsis BiZ. 1) B LRTFHEWNOENENSERBED—RRODIO—%2HETH &, 1)ID
BMOWBEALOBMAL 7L IIELEORTFEATHI L, BLT U0 iz R <. DT
Wizmgg L =@ W LI/ N oREEF I & oD ACBRET e s - Ens, Ths
Umbelopsis BGOSR T [V, ramanniana W3EHERICHFTET DEBOMODDNE DT, FibHh S Fil
ICWEBBA RGAENHORA ORMICETT 5, TORFEE FOBEIZE. 25 -55x15-3um®d
BRI, BRSO EHEMNEBICEDETOELLLMADERLEZEROHL AW HLHITND,
Sugivama et al. (2003) i1 e L Tit#k L /= U gibbeeispora QRN BT 2 o1 8 - OBk
PR 7 285 rDNA ORBIBERAIIR TWTEN LR, Musio 480 UL ramanniana 7- 3 DD Rk
2 subclarde LI T & F R LD, £ Meyver & Gams (2003, 74 EHRNC$0T 5 Umbelopsis
ORI DT & TS Uk Al ZNC L JTW ORI L 2Bz, BB U ramanniana (2
LT AN, MBI THTM IR LS RCMBO(EERLEZ, ZOsOE R, (. mmanniana
V. OBEERNC ST D J EAEE TR WAL S TINTEENT A I AR DS W DA D TSNS
FNABZEEFRIELTNHS, Zfi‘sﬂ?}"ﬁ'@!i‘ L5 — AR EERRIIT R0, SEM (24 T#sEah
AR T ORES ITS]. 5.85 rDNA HL 0 ITS2 OEBREFOEROEM &AW SH 2T 52 L
B, FOMBE, ~RESELTERLLTWAXDICEHADM rOBECSVT. M. K. B
TR ORI A T S FERASEN FN RS clade (ITET 5 Z LA Lkt
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b wlbrasirvctuial analvsis of the endeparasite on cultivated Nori, Porphyre spp

by SSckimomn ™, K Yokoo™, ¥ Kawamura™ and D Honda'

(”I)cpl of %ol Fac of Sei and Ene . Konan Ly, ”S‘df__‘zl Pref Aniake Fish Res.and Devl.Cent)

OGRS R R NS Porphyraspp R4 S E S EB Olpidiopsis sp. EWES D T L 188
CRNA I 0By JT 0 43 1 RACRFHP OO 88 W © R AT AP Culilic sl Lm s b B A L Ll Zh
S PN RERUPYT A I O RO BT S D VAR A BN, BB L~ oA R VR
FEERIL LT n it CRREEL LAV, E7- Olpidiopsis WO KWL, O saprolegniae %8 L0 #8700 Olpidiapsis 14
OPEE A Ty R S R R S o F LSRR EME (rbawn 2 & n, RU M E by ol
SRR oM AR S TV D B iSRRI PE Olpidiopsis & R EMIREEIO X1 S
MRS e AEGMER S RO RS LS Th L E . TR M (TEM) £ v iiiim s e
Tad, WETEIR, S@ESE LHEMICATZhE L, SETE SR LRA0BEL TV OGRRAEE L,
B SRk e O MBI R R A T MR S A RITIE T 5 2 S, ML TR
B, METHEAEA® S b oy FU 7O BIEEKE L A C 8kt Olpidiopsis varians £ 0 LIEREFL 420
PEs 3L, Petersenia palmariae & EEHED #r o, Lo U, SRREE 4 ORI EE N IZ 1B K-body
(kinelosome associated eipanelle) A3 {5E(E LT, K-body & HHILILBOEHIMET ZHELPRTH Y, i T
SRE TSR - HEM I AH CIEKRES (S XAEN., 73 XHEA) L Olpidiopsis saprolegnine CHETELERE &
NTE —J) @S RREERIC T 0BGy, BEIATTAD LD 2ENLRIRELEZE T DLW
GARELTOWAR, bbb Kbody % SR & BKEE T X 7 WM Olpidiopsis saprolegniae DM 21 &
AR LATRTHS - Ll T L0 TH- L,

B-3011 A A M SHE LI Haploglossa 3 #IZDWT
HESIE" - @B - To-Anum Chaiwat™ (" SAKEtz; * Dept. PI. Pathol., Chiang Mai
Univ.)
Three species of Haptoglossa isolated from the samples collected in Thailand by M. Hakariya ", S
Tokumasu " and C. To-Anum ¥
(" Sugadaira Mont. Res. Cent., Univ. Tsukuba; » Dept. PL. Pathol., Chiang Mai Univ.)

Haptoglossa ldt v Famy - DALY - I X LVICEET HHFEMOMEL LT
HMoNTWNE, FOBRDBARFTH L ERENLIBRERBRERANT, {2/
NEBEITHLT sporidium EWVWS/MBFER 0.3 BeL S TCERMTEDS
AL ENSEELEEDTHSD, sporidiun ZBEOENTIRABEL TlEFE
Y, BEFEIBEORACREEZMIELEICE >THETOADMRTE
T B, 5 1LET 2003 & 9 AICERELT 100 42 FLOLIERLY 5 —%
#1g O WA EBHICIEEL. BRETHEELELCE, TDI50 5 DO
Foms 1 SO, 5t 5 D Haptoglossa A bRtz HEY D TILIERT
EMECERRAOEL L. ATNEESTERELZLOTH o1, Z0 5 &
HE2TEUFLIOERRICEEFEERRL TCOARETHERSIN, BEFED
H zoospora M 1 ¥. REFAFHED H heterospora At 3 #., FhITRELER
| BETH otz CNLDBEIZOVT, MBEERUBEEICHT SRERICHET S
HEEEICODVTHRR D,
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Fungus derived from hindgut of passalid beetle

H Sato, C To-anun

FFPRI, Tsukuba Ibaraki 305-8687, Japan; hirokis@ffpri.affrc.go.jp

A species of Leidyomyces was discovered from Aceraius helferi (Coleoptera:
Passalidae) collected in Chiang Mai, Thailand. A pair of the beetle was collected
from a decayed log. Hindguts of the beetles were derived by dissection. Linings of
the hindguts were observed after rinsing with distilled water. Several tufts of no-
branching hyphae that were sharing a holdfast (attaching structure) were observed.
This fungus was observed only at the former part of hindguts. The tufts were
consisted of over fifteen hyphae growing up to 750 pm. This fungus was
identified as a genus Leidyomyces by both its sharing feature of holdfast and living
site of the gut. Diameter and length of the holdfast was 11-25 pm and 11-32 pm,
respectively. Distal part of thallus was septate and showed a series of cell: length
x diameter= 26-41 x 14.5-18 (um) average 33.5 x 15.8 (um), (N=16). Each of the
cells produced a spore (primary infestation sporangiospore) inside; the genus
Leidvomyces is consisted of only one species L. attenuatus. The size of the spore
of our specimens was larger comparing with that of L. attenuatus.
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Powdery Mildews of Thailand in the Genus Oidium
Subgenus Pseudoidium : Integrated Analyses of
Morphological and
Molecular Characteristics

. 1 2
Chaiwat To-anun', Aumpaiwan Sunawan and Susumu Takamatsu

! Department of Planit Pathology, Faculty of Agriculture, Chiang Mai University.
Chiangmai 50200 THAILAND., Tel.: +66 53 944021, Fax.: +66 53 944666
E-mail: agppi006(@chiangmal.ac.th

2 Laboratory of Plant Pathology, Faculty of Bioresources, Mie University,
1513 Kamihama, Tsu 514-8507, JAPAN

ABSTRACT

During 2003-2004, a survey of powdery mildew
fungi was conducted in the northemn part of
Thailand, includirg Chiangmai, Chiangrai, Nan
and Mae Hong Son. The main objective of this
study was to describe and identify powdery
mildews in the genus Oidium, subgenus
Pseudoidium. This subgenus is characterized by
conidia produced singly (solitary) one at a time
without fibrosin bodies and polygoni-type germ
tubes. The teleomorphic state, if found, belongs
to the genus Erysiphe. In this study, we observed
51 host plant species covering 33 host plant
families. On these 51 host plants, omnly one
species of powdery mildew producing both
anamorphic and teleomorphic states was found.
This presentation provides descriptions of
powdery mildews on each host plant species and
their anamorphic and teleomorphic (when found)
characteristics. Taxonomic notes, photographs
and drawings of the specimens examined are
presented. Phylogenetic trees of this subgenus are
also provided. This is the first comprehensive
study of powdery mildews in Thailand which
compares morphological characteristics with
phylogenetic analyses of the ITS nucleotde
sequence

Keywords
Powdery mildew, OQidium, Psendoidium, Erysiphe

L INTRODUCTION

Powdery mildew fungi occur in both anamorphic
and teleomorphic forms. The characteristics of all
structures of these fungi can be of taxonomic
value. Especially among the earlicr authors, the
opiaion was widely distributed that only a limited
number of fearures should generaily be used in
Erysiphacean taxonomy’. Salmon''stressed that
the conidial stages should not be used for
systemalic purposes and he ignored the

taxonomic value of the anamorphs entirely. Thus,
he came to a very wide species concept and
numerows authors followed him in neglecting the
anamorphs. For many years it has been accepted
that they are extremely difficult to identify when
reproducing asexually. In Thailand, almost all
species do not undergo sexual reproduction®,
resulting in a poor knowledge of which species
occur,

Technical progress in the last decades,
e.g.,, n electron microscopy and molecular
biology, strongly influenced the further
deveiopment of the taxonomical system of the
Erysiphales and its phylogenetic interpretation.
Exciting innovations in the generic taxonomy of
the Erysiphales, based on molecular and scanning
electron microscopy (SEM) examinations, and 2
better insight into its phylogeny are results of
comgrchcnsive investigations recently carried
out®>. The following changes in the generic
system of the Erysiphales, based on SEM and
molecular results have recently been introduced’.
The new system of powdery mildew genera that
connected with numerous nomenclatural changes,
which are certainly not very welcomed by non-
taxonomists. However, it has to be emphasized
that these changes are the result of scientific
progress. Thus it is possible to identify the
powdery mildew in Thailand by comparing
morphotogical characteristics with phylogenetic
analyses of the ITS nucleotide sequences,

2. MATERIALS AND METHODS
2.1 Light Microscopy of Fresh Material

Hyphae, comidiophores and conidia of fresh
malerials were examined in water using light
microscopy with phase contrast using 20x, 40x
and 100x oif immersion objectives. The following
information was noted during the examination of
the fresh specimens: size and shape of conidia,
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presence or absence of fibrosin bodies, nature of
conidiogenesis, characteristics of the
conidiophore, ‘e.g., size and shape of foot cell,
position of the basal septum, shape and position
of hyphal appressaria, position of germ tubes and
shaped of appressoria on germ tubes of conidia.
Thirty conidia were measured for each specimen
examined.

2.2 DNA Extraction and PCR Amplification

Whaole-cell DNA was isolated from fresh fungal
specimens or herbarium speciniens by the chelex
method''. The nuclear IDNA regions, ITS region
including the 5.85 rRNA gene, was amplified
twice or three times by the PCR using nested
primer sets. The PCR product was subjected to
preparative electrophoresis in 1.5% agarose gel in
TAE buffer. The DNA product of each
amplification was then excised from the ethidium
stained gel and purified using the JETSORB kit
(GENOMED, Germany) following the
manufacturer's instructions.

2.3 DNA Sequencing and Phylogenetic
Analysis

Nucleotide sequences of the PCR products were
obtained for both strands using direct sequencing
in ar Applied Biosystems 373A sequencer
(Applied Biosystems). The sequence reactions
were conducted using the PRISM Dye
Terminator Cycle Seguencing kit (Apphed
Biosystems) following the manufacturer's
instructions. The primers ITS1, T3, T4 and ITS4
were used for the sequencing of the ITS region in
both directions.

The obtained sequences were initially
aligned using the Clustal V package'®, The
alignment was then defined visually with a word
processing program with color-cod ~d nucleotides.
Phylogenetic trees were obtained frem the data
using maximum-likelihood (ML), distance, and
parsunony methods. For ML and distance
analyses, the most appropriate evolutionary
model was determined for a given data set using
PAUP* 4.0b8' and Modeltest 3.06. A starting
iree was obtained with the neighbor-joining
method. With thiz tree, likelihood scores were
calculated for 56 atternative models of evolution
by PAUP*. The output file was then imported to
Modeltest 1o compare the models by using
Akaike's (1974) information criterion (AIC).
Once a mode]l of evolution was chosen, it was
used to construct phylogenetic trees with the ML
and neighbor-joining (NJ) methods using
PAUP*.

pradine of 2

&

=260 Angpust 240k

Vol 2 TT-19,

3. RESULTS AND DISSCUSSION

The first systematic trial to identify the conidial
states of powdery mildews at species level was
made by who grouped species of Oidium
according to the size and shape of their conidia
and created a key 1o its species. Foex®,
Jaczewski'?  contributed to the classification of
the conidiophore types in the genus Oidium.
Jaczewski'? introduced the terms Euoidium and
Pseudoidium for Oidium states with catenate and
solitary conidia respectively. Hirata'' provided
comprehensive germination experiments with
Japanese species of powdery mildews. Golovin®
reported extensive study on the anamorphs of the
genus Leveillula. A survey on the Erysiphaceag,
including the anamorphs, was given by
Yarwood'”. Boesewinkel' provided the first real
key based on a combination of more than 12
morphological characteristics observed on
conidia, conidiophores, appressoria, haustoria,
fibrosin bodies, and mycelium. Shin and La"* and
Shin and Zheng'® introduced some new
morphological features of taxonomic relevance.

Progressive report was done by the work
of Cook et al., who examined surface of conidia
by SEM and separated genus Oidium into eight
subgenera. Braun® discussed the classification of
the Erysiphaceae proposed by Cook et al.® and
introduced some corrections and alterations.
Comprehensive examinations of nucleotide
sequences of the IDNA ITS region of powdcrgz
mildew fungi have also been carried out'®
Because the results of these studies provided
numerous molecular data as well as new SEM
examinations, it was possible to re-arrange the
classification of the Erysiphaceae’. Recently,
Braun et al.* reported that the characteristics of
the anamorphs are the base for the generic
taxonomy of the Erysiphales and reflect the
phylogeny in this fungal group. The teleomorphs
are less tmportant for the generic iaxomomy but
provide useful features on the species level. Thus,
it is possible to classify the powdery mildews
which generally teleomorphic state are not found
or rarely occurs in most of the powdery mildews
in Thailand'®.

The accurate identification of powdery
mildew fungi is desirable, not only to determine
not only to determine appropriate control
measures, but also for resistance breeding and to
cnsure quarantine barriers are not broken. Since
2002, a survey of powdery mildew fungi in the
genus Oidium subgenus Pseudoidium, was
conducted in the northemm part of Thailand,
including Chiangmai, Chiangrai, Nan and Mae
Hong Son. This subgenus is characterized by
conidia produced solitarily without fibrosin
bodies, and by polygoni-type germ tubes. The
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teleomorphic state belongs to the genus Erysiphe.
During the study, 51 host plant specics covering
33 host plant families were collected and used for
microscopic ohservation of morphological
characteristics. Because specimens from 50 of the
51 host plant species lacked the teleomorphic
state, sequencing of the rNNA ITS region was
done on 18 of them to aid in the identification of
the anamorphic material. Of the 51 host plant
species, 38 species are first records in Thaland,
of which 13 species are first records in the world.
The teleomorphic stale was found only in a
powdery mildew on Tectona grandis (teak),
which was identified as Erysiphe tectonae
{(section Uncinula). Braun and Takamatsu®
studied the phylogeny of Erysiphe, Microsphaera,
and Uncinula by morphology and tDNA ITS
sequences, and found a very close relationship
berween the genera Erysiphe, Microsphaera and
Uncinula. They reduced the genus Uncinula into
Erysiphe emend. based on the characteristics of
the anamorphic state (Pseudoidium) and ITS
sequences. Thus, U. fectonae was transferred to
Erysiphe tectonae (Salmon) Braun and
Takamatsu®. In the present study, the ITS
sequence of E. tectonae differed from all isolates
of Erysiphe species, suggesting that it is a unique
species. In conclusion, morphology and the ITS
sequences data of the other fungi in this subgenus
are described in details. This is the first
comprehensive study of powdery mildews in
Thaifand to give a detailed description of the
morphological characteristics and a phylogenetic
analysis of the ITS nucleotide sequence of the
subgenus Pseudoidium

4, ACKNOWLEDGMENTS

This work was financially supported by the
Hitachi Scholarship Foundation, the Thailand
Research Fund (PDF/47/2542), JICA
(ATRACT), and a grant-in-Aid for Scientific
Research "Nos. 13660047, 14255004 and
£5405021) from Ministry of Education, Science
and Culture of Japan.

5. REFERENCES

1.Boesewinkel, H.J. (1980) The
morphology of the imperfect states of powdery
mildews (Erysiphaceae). Bot. Rev. (Lancaster)
46:167-224.

2.Braun, U. {1987) A monograph of the
Erysiphaics (powdery mildews). Beih Nova
Hedwigia 89:1-700.

3.Braun, U. (1999) Some critical notes
on the classification and gencric concept of the
Ervsiphaceae. Schiechtendalia 3:49-55.

4 Braun, U., Cook, RT.A, Inman, A.J.
and Shin. H.D. (2002) The taxonomy of the
powdery mildew fungi. pp 13-55. In The

Powdery Mildews, A comprehensive treatise (RR
B langer, WR Bushneli, AJ Dik, TLW Carver
ed.) APS Press Minnesota

5.Braun, U. and Takamaisu, S. (2000)
Phylogeny of Erysiphe, Microsphaera, Uncinula
(Erysipheae) and Cystotheca, Podosphaera,
Sphacrotheca (Cystotheceae) inferred from rDNA
[TS sequences ¥ some taxonomic consequences.
Schlechiendalia 4:1-33.

6.Cook, R.T.A., Inman A.]. and
Billings, C. (1997) Identification and
clagsification of powdery mildew anamorphs
using light and scanning electron microscopy and
host range data. Mycol. Res. 101:975-1002.

7.Ferraris, [. (1912) Flora italica
cryptogama. I. Hyphales.

8.Foex, E. (1913) Recherches sur
Oidiopsis taurica (L. v.). Arn Bull Soc myc Fr
29:577-588.

9.Golovin,P.N. (1956) Morfologiceskij
obsor roda Leveillula Arnaud (mucnisto-rosjanye
gribysem Erysiphaceae} Tr bot inst im VL
Komarova, An SSSR, ser II 10:193-308.

10.Higgins, D.G., Bleaby, A.J. and
Fuchs, R. (1992) CLUSTAL V: Improved
software for muitiple sequence alignment,
Comput. Appl. Biosci. 8:189-191.

11 Hirata, K. {1955) On the shape of the
germ tubes of Erysipheae (II). Bull. Fac. Agr.
Niigata Unmiv. 7:24-36.

12 Jaczewski, A. (1927) Karmannyj
opredetlitel’ gribov 2 Mucnisto-rosjanye griby
Leningrad

13.8almon, E. (1900) A monograph of
the Erysiphaceae. Mem Torrey Bot Clueb 9: 1-
292

14.5hin, H.D. and La, Y. (1993)
Morphology of edge lines of chained immature
conidia on conidiophores in powdery mildew
fungi and their taxonomic significance,
Mycotaxon 26: 445-451.

15.Shin, H.D. and Zheng, R.Y. {1998)
Anamorphic morphology of Uncinula and allied
genera (1). Mycotaxon 66: 243-266,

16 Sontirat, P., Pitakpaiwan, P,
Khamhangridthirong, T., Choobamroong, W. and
Kueprakone, U. (1994) Host Index of Plant
Diseases in Thailand (Third Edition). Plant
Pathology and Microbiology Division,
Department of Agriculture Bangkok Thailand.

17.Swofford, D.L. (2001) PAUP:
phylogenetic analysis using parsimony (and other
methods) 4.0b8 Sinauer, Sunderland, MA.

{8 Takamatsu, S., Hirata, T., Sato, Y.
and Nomura, Y. (1999) Phylogenetic
relationships of Microsphaera and Erysiphe sect.
Erysiphe (powdery mildews) inferred from the
rDNA (TS

19.Yarwood, C. E. (1957) Powdery
mildews. Bot. Rev. 13:235-301.



LTIV TN 1B WD 2

The IV A51a—Pac1f1c Myc




[V ASIA-PACIFIC MYCOLOGICAL CONGRESS
AS1-2

Two species of Leptographium isolated from blue-stained sapwood of
Pinus kesiya and bark beetle galleries in Thailand

Y. Yamaeka', H. Masuya’®, W.-H. Chung', H. Goto’, C. To-Anun* and S. Tokumasu'

! Graduate School of Life & Environmental Sciences, University of Tsukuba, Tsukuba, Ibaraki 305-8572,
Japan

2 Forestry and Forest Products Research Institute, Tsukuba, Ibaraki 305-8687, Japan

3 Kyusyu branch of Forestry and Forest Products Research Institute, Kumamoto, Kumamato 860-0862.
Japan

“ Department of Plant Pathology, Faculty of Agriculture, Chiang Mai University, Chiang Mai 50200.
Thailand

Two species of Leptographium were isolated from blue-stained sapwood of Pinus kesiva
and bark beetle galleries in pine forests near Chiang Mai, Thailand. Based on
morphotogical observations, these two species were identified as L. pini-densiflorae and L.
yunnanense. Leplographium pini-densiflorae has only been reported from Japan. The
fungus was isolated from five bark beetles invading Pinus densiflora in Japan. In
Thailand, it was isolated from Pinus kesiya invaded by Coccotrypes longior and
Polygraphus major. This is the first record of the fungus outside of Japan. Leptographium
yunnanense has been reported from China and Japan and isolated from Tomicus piniperda
and beetle infested pines. In Thailand, it was isolated from weevils (Curculionidae).
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Powdery mildews of Thailand: Integrated analyses of morphological and
molecular characteristics

Chaiwat To-Anun!*, Sawwanee Kom-Un', Susumu Takamatsu?
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2 L aboratory of Plant Pathology, Fuculty of Bioresources, Mie University, 1515 Kamihama, Tsu 514-8507.
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The powdery mildew fungi are important pathogens of plants which are obligately parasitic
on the leaves, stems, fruits and flowers of a wide range of angiosperms. Since 1999, survey
of powdery mildew fungi in northern part of Thailand, i.e., Chiang Mai, Chiangrai, Nan
and Sukhothai has been conducted. The main objects in this study are to describe and
identify powdery mildews on 124 specimens consisted of 89 plant species covering 26
families. The powdery mildews in this study include anamorphic state genera Qidium,
Oidiopsis and Ovuluriopsis, and teleomorphic state genera Phyllactinia, Frysiphe and
Brasiliomyces. Within 89 host plant species, 56 species are f{irst records in Thailand and 17
species are first records in the world. Anamorphic specimens of genus Oidium were further
divided into subgenus Pseudoidium on 40 host plant species, subgenus Reticuloidium on
six host plant species and Fibroidium on 34 host plant species. Qidium subgenus
Microidium is proposed as a new subgenus of Qidium on the basis morphological and
molecular characteristics on three species of Phyllanthus spp. The genera Qidiopsis and
Ovulariopsis were described on two and three host plant species, respectively. New species
of powdery mildew genus Brasiliomyces on Dalbergia cultrata was described in deatails
on the basis of morphological and molecular characteristics. In addition, we conducted the
molecular tool to aid the identification of anamorphic materiais by assessing the rDNA
sequence. This study provides descriptions of powdery mildews on each host plant species,
their anamorphic and teleomorphic (if found) characteristics, specimens examined,
taxonomic notes, photographs and drawings. Phylogenetic trees of each genus are also
provided. This is the first comprehensive study of powdery mildews in Thailand by
compuring morphological characteristics with analyses of the ITS nucleotide sequences.
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Entomogenous fungi collected in Chiang Mai, Thailand
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Entomogenous fungi were researched in northern Thailand mainly in Chaing Mai from
Sep. 22 to Oct. 2 in 2003. The collection sites are as follows: Queen Sirikit Botanical
Garden, Medical plants garden, and forest in Dor Suthep and Doi Inthanon (the highest
mountain in Thailand ca 2500m above sea level). Nine Entomopathogenic fungi and three
commensal fungi were collected. The pathogenic ones were five species of Cordyceps
(Ascomycota), three species of imperfect fungi including Metarhizium anisopliae, one
Entomophthoralean fungus (Zygomycota). Specimens of Cordyceps nutans, C.
sphecocephala and C. myrmecophila(?) were collected commonly in Queen Sinkit
Botanical Garden. In C. nutans specimens larger host insects showed larger stromai(a).
Trichomycetes, a class in Zygomycota, is consisted of commensal fungi living in
arthropod’s gut. They are attaching to the gut lining with special anchor structure. Harpella
melusinae (Harpellales) was dentved from midgut of black fly larvae collected from small
stream in Doi Inthanon and was the second record from Thailand. A species of
Leidyomyces (Eccrinales), derived from the anterior hindgut of passalid beetles living in
decayed logs, was thought to be a new species. An Enterobryus species was also observed
in the same gut of the passalid insect.
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