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Abstract

The purpose of this study was to investigate some proteins which response to fungal pathogen causing
anthracnose disease in Anthurium. The protein expression between infected Anthurium with Colletotrichum
sloeosporioides and non-infected Anthurium was performed using two-dimensional gel electrophoresis (2-DE)
technique. Results exhibited that some protein expression showed significantly (p<0.05) increased whilst
decreased in infected Anthurium. In addition, new proteins were also occurred in infected Anthurium. The
alteration in protein expression was the response produced by Anthurium against fungal pathogen. Liquid
chromatography-mass spectrometry was use to analyze interested protein spots. Six proteins were identified
including oxygen-evolving enhancer protein 1, oxygen-evolving enhancer protein 2, triosephosphate
isomerase, fructose-bisphosphate aldolase, superoxide dismutase, and glutathione s-transferase. These

proteins played an important role in biochemical process of plant cells.
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wihPndulinenliivsedvedluana Anthurium
wazdifeansiyin flamingo flower faufufinluuniou
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ni1ia 2 wilalue 9 Ae Anthurium  andraeanum
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283 Wiriyaampaiwong et al. (2013) &slgvinisuen
Fosanmih il sewouunselua figuinindu
Hoanunglandie3s Koch’s  postulate wazysziiiu
sefuAILTULIIRsNTLAalsa sauvsldnsiaany
anvaglalatluardnvaraleinglindesganssmiug
mainduidosiana Colletotrichum

Ausmvidenilldlundiwesea 10 % flgamgi
20 psuwadea faiulumawisudendmiums
naaesazindesiifiuluvilfguiiguungifos
Mniuisdeitesunnnsunemns PDA  wéauud
onumgil 26 ssrwaldea Wunan 14 Yu iewTeld
lgdmsun1snaaes

WIBUNTNTY  (Anthurium  andraeanum)
dmiumnaastenguszaia 8 o uuTuaninlu
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2. mansandeuameRugITaTdemalia PCR
Tuduneudvinfionsasuasiufidonana
Colletotrichum  #iléanda 1 Tnuduaeiuglade
wiafla PCR Tnadn DNA 990031 #ae%n GF-1 Plant
DNA Extraction Kit (Vivantis, Malaysia) s
PCR  iieLfinusunaidiunes ITS1-5.85-T52 Tagld
universal primers laun TS5 (5°-
GGAAGTAAAAGTCGTAACAAGG-3’) hag 1S4 (5°-
TCCTCCGCTTATTGATATGC-3") WAIATITAOUNAAIE
agarose gel electrophoresis ﬁ?%u PCR Tﬁu%qwéﬁqa
YA GF-1 Gel DNA Recovery Kit (Vivantis, Malaysia)
iiedslunsramansuiua (BIOTECH, Thailand) Nt
AsIdAsIsvaIauLualaeSsuisuiugudeya
GenBank 89 National Center for Biotechnology

Information (NCBI) Iaglglusunsy BLAST search
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wlanihieendu 2 nqu nquas 5 du leun
naunnaesvidonthiiilldsunisgnidesn (nfected)
waznaumUANMIenthIUNA (Non-infected) Fanay
naaoaviinisgnidesilasdiiiosn
C. gloeosporioides Tw3euliuwzalasinaniilalail
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ﬁwﬁqmaﬁmﬁﬁagﬂ P-PER Plant Protein Extraction
Kit (Thermo Scientific, USA) way¥auSunalusiiud
analanie3s wusawesa (Bradford method)

(Bradford, 1976)

5. pMsBlanInsInEdauuy 2 FAuazn1sinseinn
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didninsinsdauuu 2 dfdien 2D Clean-up kit
(GE Healthcare, USA) NTuLenfAaneusnlngy
faegrslusauUTuI 60 lulAsnsy wauiv
rehydration buffer (8 M urea, 4% CHAPS, 0.001%
bromphenol blue k&g 3 mM dithiothreitol) Usun
125 lulasndu waz 1% IPG buffer (pH 3-10) T
asazanenauaslu IPG strip aua 7 wuduas iily
19UASDY Ettan IPGphor II (GE Healthcare, USA)
wazdaldsunsuvinlelediann3alnfads (soelectric
focusing, IEF)
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6 M urea, 30% glycerol, 2% SDS, 0.03%
bromphenol blue) 7T 65 mM DTT waz 135 mM
iodoacetamide 1funan 15 undl $1uau 2 s dewn
ynswendiannsii 2 T 12.5% SDS-polyacrylamide
gel (SDS-PAGE) goudLaanieis Coomassie blue
staining BaileléisUuuuiaa 2 fAudHFnhgalusiud
aulalUiingrinisuanseanmienisiUssuifisuainu

WunlUsunsu Image) (National — Institutes  of

'
a

Health, NIH) wagdndeniamzynlusaunaulalum
yiiavedlusAudigmailn LCMS  (AudIdewmun
UIRNTTU ALIMATANITUWINE UINedeuFing) 10
FoyailaluiIsuifisuiugrudeyaiiediasizvivde
voslusauaniiuled §ed Ay URL
www.matrixscience.com L@8n Mascot database

search %8 MS/MS lons Search

6. MIUATIVINNEDA

mnuduregalusAusenitani faildsuns
Ugnitesuagniinfaflildsunisugnitest 1901
Wisuifisuanuuensnsszninedsvesdoyalayis
Duncan's Multiple Range Test (DMRT) anglusunsy
STAR 2.0.1

NALALIITUNANITIVY

1. #an15938 (Results)
1.1 nannsaadsusewus domdaematia PCR
NNNsATINERUAAULUAUTIIM ITS Tngldelng
wes ITS5/Tsa  nuimansfmsei PCR - filddaunn
Uszana 570 guua (Fig. 1) dadlethlunmamdduiua

wanudndivuin 598 flua

66 FEINYAITNISIFEU

M
are.
¥’y
2322
2027
564 ~ 570 bp

Fig. 1 PCR product of Collectotrichum sp.

g Photita et al. (2005) 1dglnsiued
TS5/TS4  lunsundnduiuausinm TS veuiesn
Collectotrichum uwgnlsain ndae T9 dundes ale
12129 Euphatorium  thymifolia  wag Draceana
sanderiana WUESULARLATIVLNARaLE 581 — 620
AL LLazijammaaumaﬂ’uﬁjﬂuawﬁaiﬂma’h’ﬂﬂil,l,ﬂm
BLAST search mﬂg’m%aﬂa GenBank ¥89 NCBI d7u
Imagszqdﬁﬁmfgas'] C. gloeosporioides 1§1%mAa1u
wislouwinfu 99% (Table 1) fatiu 99nNaNISATIEBY
aeiugsmsendiven anwnsananldindes el

Ju C gloeosporioides

Table 1 Results of blast analysis

GenBank Organisms % ldentity

accession no.

AY266378 C. gloeosporioides strain 99
CMUBE1814

JF826502 C. gloeosporioides 18S 99
ribosomal RNA gene

EU326190 C gloeosporioides 99
isolate XSD-139

AY266392 C. gloeosporioides strain 99
CMUBE1852

AY266391 C. gloeosporioides strain 99
CMUBE1851

Uil 15 atuil 1 unmau - Siquiey 2561

Volume 15 Number 1 January — June 2018



Prawarun Agr. J. Volume 15(1) 2018, Pages 62-73

1.2 wams¥indianInsinsdauuy 2 iR

sUuvuRlUsAuveai falintuvuian 2 §if
(Fig. 2) aziiiuinnlusAufiauladiuam 28 9o niih
fldsunsugnidoninsuanseanadiusiuiiiniu
foud 1.2 8¢ 47 wh dodisufunihunfioshed
WedAtyneadif (P<0.05) 91uu 10 9n (Table 2 uay
Fig. 3) lan galusiuvanelas 2345910 11 12 13
24 uay 25 IN134aRd0aNanadTIuIu 2 90 (Table 2
wag Fig. 3) agnalidedAgyn1sada (P<0.05) lauA 90
WsAununeay 1 (@eas 1 i) wag 7 (@aas 1.5 i)
warilusudiintulmilumih filldfunisugnidon
WU 7 90 Lo IalusAununeay 6 16 17 18 26
27 way 28 dwmdvlusAuinuianigluniiiiangs
AIUANTTIIN 9 90 Laun galusiununeae 8 11 14
1519 20 21 22 uay 23

1.3 wansiaseilusauiiiendasiuaiiy
funulsawauunsaluaalemaia LC-MS

lavinsdndeniusiudiui 8 9a (Ralushiu
vy 1-8)  dluiesgimviinvesisiudig
waila LCMS wagthdayaluiSeuifisuiugiudeya
Wudnausaseyriinvedlusiulauiies 6 99970 8 90
(Table 3) laun galUsfiumneas 1 2 5 6 7 uag 8
ognslsfnuusazgalusiuAtanulndifssvesnimin

luanauaryliavedlusiunduiuldnngiudeya

2. 39190I8aN15398

sUsuUlUsAuULaa 2 SRvesiihildsude
FEmalsaLeuLnsalug wandbiiuiismuaiunse
gosirlunisifinnisuanseenveslusfivurswiauasy
mawndehliaeiusiulu Wunisrevausssanis
datsvesdenslsaiiioldainisnnivay
nszuLnIIdLaiinneg MAnsulufielddudng
(Vasanthaiah et al., 2009)

Oxygen-evolving enhancer protein 1 (OEE1,
R;ﬂi‘diau‘mmal,a% 1) wag Oxygen-evolving enhancer
protein 2 (OEE2, 9alusAununeiay 8) idulusiud
diaglunszuiunisdansiginaslussuunas |

(Photosystem  II) wagganeatasnunalnnislesiu
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Fuewesiinanannzeden wu annefidanududy
YBNGOge (Sugihara et al., 2000) Iﬂ‘c’JL%@ﬁ’]LMGﬂiﬂ
fynaneaiafnuaiunsalunisdudensruauns
Fuas1eiuasesiia (Vasanthaiah et al, 2009) fatiu
msfinssuiunmsdannzsiagniudadunalilusiu
OEE laluansaanusaiin1suanisananad (Dahal et al.,
2010) fawan1sAnwiinuinlusiiu OEEL Tunth¥adi
I§5uiesn C sloeosporioides finsuansoonanaa 1
wih Weifisufuntihfinduaiuau Snviedslinunis
wangeenvaslusiu OEE2 Bnse dunsulududnuila
wilsfhiAgatesfunszuaunisdunsiziuas fe
Fructose bisphosphate aldolase (FBA, ‘qmlﬂiﬁu
vinetay 7) Wulusiuifunumddyluiginsdaiu
(Calvin cycle) (Subramanian et al., 2005) lnga1nKa
518nInslw3gauuy 2 18 nihildsudes  C
gloeosporioides in13uansoanUaIlUsAU FBA anas
1.5 191 @4 Polesani et al. (2008) wui1 Bufluuasia
Ifieulesififsadeatuigdnsfaiuvanevin  1ou
Ribulose bisphosphate carboxylase
Phosphoribulokinase LWa¥ Fructose bisphosphate
aldolase finsuanseenanauiioajuaeiusilivilong
1¢5udesn Plasmopara  viticola assiufiuna
nsAnwes Campo et al. (2004) finuindnlnadign
ins

ynin AeL¥851 Fusarium  verticillioides

wanoanvedlusiy FBA  iiudu agrelsAnnuly
MsAneAStiRalUsAY OFE way FBA finsuansanas
waEnIINsEUINNTERAS1EALaslunt Ll dudni
ﬁé’qmﬂgmf?jyaiw C. gloeosporioides ¥ via
Triosephosphate isomerase (TPI) tutoulesl
fifsadestunszurunislinalalada (Glycolysis)
nglaillolawuda (Gluconeogenesis) uarindnsAaiu
(Chen and Thelen, 2010) %QLfJuﬂmiﬂiawmmm 2
finsuansoonidiutu 2.4 wh denthgnynindas
L%E]SW C. gloeosporioides 1y Mutuku and Nose
(2010) laAn¥IN1SUERI@BNYDY MRNA voaaulyyl TPI
Tuda9il#guidesn Rhizoctonia  solani wagwuingl
sydunsuanseeniisdy  Tnedeunlduansliiiiuin

Aanssuvanaulyyd TP Tudnivsunaniudundsain
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I§sudes R solani #ae fatumsifintuvedldsiu
TPl Heonadewnanmsshwanmeediilnalalada
Tunanadauaziinnisasridlnalaladalulelveea
(cytosol) L"T;Juﬂ1imauauaaﬂuaaﬁmﬁagﬂqﬂqﬂé’uEJL%aiﬂ
(Mutuku and Nose, 2012)

Superoxide dismutase  (SOD, {nlUsfu
wnea 5) finsuanseenvedlusiusiutu 4.7 wh lu
wihhiildsuden ¢ gloeosporioides Falusauild
unuMlunsUoaiuAILeUesieI N NLINaDULAY
Msidneysadase (Reactive oxygen species, ROS)
SansTdaasiy (Alscher et al., 2002; Marrs,
1996) Wang et al. (2015) leAnwAanssuvesioulesl
SOD luansoiuess 4 aneug wui eanseiueds
Iesudon Mycosphaerella fragariage $¢AUAINTTU
vowaulwsl SOD ifingstu lnsanservesiaoius HR
SJ8976-1 uar MR dszAufianssuveseoulesd SOD a4
nianeiug HS Wuliganunans@nwived Fang et
al. (2012) inuianseiuedafildsuidos C fragariae
fiszuianssuvenouled sOD  iududlewfieuiu
anselveidunfuazanuadidninsvisdauuu 2 G
wuhgalusiiu SOD veamsaluesafldsudenfiinig
wansooniinT Ui sxdiulddnnisilusiu Sop fn1s
wanseanifintuluniiitldsunisgnidosidu
esmnanluvnnsdifesnszdulifininufisen
sendnduvaslosiu (Lipid peroxidation) Suileaunain
oyyadasy Auiwilfivaddlusiu SoD Wi
ﬂaﬂﬁ’uhﬂﬁwaégﬂﬁwawaiuaawuﬂﬂiaﬁ(Bowler et
al., 1992)

Glutathione S-transferase (GST, 9 alushu
vuotay 6)  ulusiudnadanisidquandimy
oyyadaszuazindaansfiy (Dalton et al.,, 2009) @4
miﬁﬂwﬂuﬂ%ﬂﬁwumiu,amaaﬂeum GST tawzlu
W HildSugesn C gloeosporioides a1nMIANY
294 Liao et al. (2014) Wui1 S¥AUNITUAANIDDNTDITU
GST Lﬁluﬁuquﬁla Populus tomentosa Qﬂgﬂjﬂ@’hﬂ
L%E]i"l Botryosphaeria dothidea wansIeuleal GST
Aeadasfunisiiumumsidviansvedonelsaiiy

Ao aunsadesiunisanaiuveddsalaeiidnninuiy
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fwresasdunidedeanlasiing q fwantusyningi
fiugniderelsaynn Sneseduoonduiliutuds
anunsanieri liisadraeuled GST Ldsnae
(Shahrtash, 2013) Laga1AN1SANYINITUEAIDDNUD
8u GST lu Nicotiana benthamiana ﬁ’mﬂﬁﬂqm%
C. destructivum Wwag C. orbiculare WuIN8u GST &
mmamaamﬁwﬁuasjwmﬂwé’amﬂmiﬂgmﬁ?aiw

fanana (Dean et al., 2005)

pH
3 10 MW (kDa)

97
3 66

S a5

30

AR, 201

Non-infected

pH
3 10 MW (kDa)

L0 A 201

141

Infected

Fig. 2 Two-dimensional gel electrophoresis

patterns of non-infected and infected Anthurium
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Table 2 Close-up view of differentially expressed
protein spots which presented in non-

infected and infected Anthurium

Spot no. Non-infected Infected

1 ;0/ ' “/
. 1
3 W .
. v &
5 « .
7 e "
9 - &
i
12 «— L
13 “ ./
20 — -
25 — “—
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nsfnuluadeinulsiuiiAsadesiunng
POVAUDIaITDT1 C. gloeosporioides ViLﬂumLmIiﬂ
wouunsaluglumin i lnenasinnsviBidninsngda
wuu 2 i@ flusAufiaulediuou 28 qa Falusiu
fanangnindenilifinisuanseeniiinduuazanas
athailifodfy (p<0.05) Waflsuiuntifuni saus
Hailusufignnasduliainedulvddndrs wazidleo
Ansgiviaveslusiuiiauladiuo 8 gadewmaia
LC-MS wudanunsaszylalusiu 6 vila fistunuimly
NFEUIUNITAUATIENUAL NTEUIUNTUUNUDATUVRY
mslulaiasn wazifgatesiunalnnistiostuiieves
WYANANMWINRBN LU NTAIUBYYABATZLAYINAA
a3y aideyannisinuannsnididuteys
fuglunisAnwinalnnsnavaussesitvdenisidi
yngnihanevesndedelsalufivaiadu Snvaduiuy
Foyadmiuinusulgmtuditothlugnisairoi i

fumulsesaldla

AnAnssuUsEAA

VOUDUANNUATUALUNITIVYIINUNIINGIRY
walulagsvinadaiy veveuauaudidelusiuuay
lUs@lefindifianisnidivduazanainnssy (AUN.)
wInedeveuliu Nlvinnueuaeiiasasislunis

o a « s aa a

MBannsInETauuy 2 48 wazueveuRnmaIv1IY
walulagdinin auvimaluladgnaInnssuinuns
umIngrden1wdug Nlvainueyasieiligunsal

LA5093ID798 WATANIUNINABASLYLLIA1VINITIVY
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120

Non-infected

100 4

80 4

60 -

40

Mean intensity of protein spots

20

Spot no.
Fig. 3 Expression levels of protein spots identified in non-infected and infected Anthurium. The mean
intensity of protein spots were analyzed manually using Image J program. Results are presented as the mean

intensity + SE of protein spots for gels from 3 replicates. The different letters (p < 0.05) above the error bars

indicate statistically significant difference (Duncan's Multiple Range Test) between non-infected and infected

Table 3 LC-MS identification of selected protein spots of non-infected and infected Anthirium

Spot no. Name of the protein MW (kDa)/pl Organism matched Accession no.
1 Oxygen-evolving enhancer protein 1 35.1/6.26 Fritillaria agrestis 049079
2 Triose-phosphate isomerase 27.3/5.38 Onyza sativa subsp. japonica Pagasdq
5 Superoxide dismutase 15.4/5.13 Capsicum annuum 022373
6 Glutathione S-transferase 24.6/5.88 Silene vulgaris Q04522
7 Fructose-bisphosphate aldolase 42.4/6.85 Fritillaria agrestis P16096
8 Oxygen-evolving enhancer 23.4/4.91 Brassica juncea Q96334
protein 2
References

Alscher, R.G., Erturk, N. and Heath, L. S. 2002. Role of Superoxide Dismutases (SODs) in Controlling Oxidative
Stress in Plants. J. Exp. Bot. 53(372): 1331-1341.

Ampawan, R., Pookmanee, T., Samransakul, P., Duangban, D., Teja, S. and Wongchai, K. 2016. Anthurium
Propagation by Tissue Culture Technique. [online] [Accessed December 13, 2016]. Available from: URL:
http://research.rae.mju.ac.th/raebase/index.php/knowledge/blog2/710-anthurium1?showall=1&limitstart=.

Bowler, C., Montagu, M. V. and Inze, D. 1992. Superoxide Dismutase and Stress Tolerance. Annu. Rev. Plant

Biol. 43(1): 83-116.

70 1TEISNEATNIZITAL Ui 15 avuil 1 ans1Ay - Iquiey 2561

Volume 15 Number 1 January — June 2018



Prawarun Agr. J. Volume 15(1) 2018, Pages 62-73

Bradford, M.M. 1976. A Rapid and Sensitive Method for the Quantitation of Microgram Quantities of Protein
Utilizing the Principle of Protein-Dye Binding. Anal. Biochem. 72: 248-254.

Brown, S.H. 2012. Anthracnose Disease of Ornamental Plants: A Pictorial [online]. [Accessed December 14,
2016]. Available from: URL: http://\ee.ifas.ufl.edu/Hort/GardenPubsAZ/Anthracnose.pdf.

Campo, S., Carrascal, M., Coca, M., Abian, J. and San Segundo, B. 2004. The Defense Response of Germinating
Maize Embryos Against Fungal Infection: A Proteomics Approach. Proteomics. 4(2): 383-396.

Chen, M. and Thelen, J.J. 2010. The Plastid Isoform of Triose Phosphate Isomerase Is Required for the
Postgerminative Ttransition from Heterotrophic to Autotrophic Growth in Arabidopsis. Plant Cell. 22(1): 77-90.

Cipriano, A.K., Gondim, D.M., Vasconcelos, |.M., Martins, J.A., Moura, A.A., Moreno, F.B., Monteiro-Moreirab,
A.C.O., Melo, J.GM., Cardoso, J.E., Paiva, AL.S. and Oliveira, J.T.A. 2015. Proteomic Analysis of
Responsive Stem Proteins of Resistant and Susceptible Cashew Plants After Lasiodiplodia theobromae
Infection. J. Proteomics. 15(113): 90-109.

Dahal, D., Pich, A., Braun, H.P. and Wydra, K. 2010. Analysis of Cell Wall Proteins Regulated in Stem of
Susceptible and Resistant Tomato Species After Inoculation with Ralstonia solanacearum: A Proteomic
Approach. Plant Mol. Biol. 73(6): 643-658.

Dalton, D.A., Boniface, C., Turner, Z., Lindahl, A., Kim, H.J., Jelinek, L., Govindarajulu, M., Finger, R.E. and Taylor,
C.G. 2009. Physiological Roles of Glutathione S-Transferases in Soybean Root Nodules. Plant Physiol.
150(1): 521-530.

Dean, J.D., Goodwin, P.H. and Hsiang, T. 2005. Induction of Glutathione S-Transferase Genes of Nicotiana
benthamiana Following Infection by Colletotrichum destructivum and C. orbiculare and Involvement
of One in Resistance. J. Exp. Bot. 56(416): 1525-1533.

Dibanuka, C. 2016. Anthurium Cut Flowers. [Accessed December 13, 2016]. Available from: URL: http://ag-
ebook.lib.ku.ac.th/ebooks/2016/20160068/index.htm!(#.

Fang, X., Chen, W., Xin, Y., Zhang, H., Yan, C., Yu, H., Liu, H., Xiao, W., Wang, S., Zheng, G. and Liu, H. 2012.
Proteomic Analysis of Strawberry Leaves Infected with Colletotrichum fragariae. J. Proteomics. 75(13):
4074-4090.

Kasetsart University. 2004. Anthurium. [online] [Accessed December 13, 2016]. Available from: URL:
http://www.ku.ac.th/e-magazine/septemberd7/agri/flower.html.

Lewis-lvey, M.L., Nava-Diaz, C. and Miller, S.A. 2004. Identification and Management of Colletotrichum
acutatum on Immature Bell Peppers. Plant Dis. 88 (11):1198-1204.

Liao, W., Ji, L., Wang, J., Chen, Z., Ye, M., Ma, H. and An, X. 2014. Identification of Glutathione S-Transferase
Genes Responding to Pathogen Infestation in Populus tomentosa. Funct. Integr. Genomics. 14(3): 517-529.

Marrs, KA. 1996. The Functions and Regulation of Glutathione S-Transferases in Plants. Annu. Rev. Plant
Physiol. Plant Mol. Biol. 47: 127-158.

Mehta, A., Brasileiro, A., Souza, D. S., Romano, E., Campos, M. A., Grossi-de-Sa, M. F. Silva, M.S., Franco, O.L.,
Fragoso, R.R., Bevitori, R. and Rocha, T. L. 2008. Plant-Pathogen Interactions: What is proteomics telling
us?. FEBS J. 275(15). 3731-3746.

Moura, H.F., Vasconcelos, |.M., Souza, C.E., Silva, F.D., Moreno, F.B., Lobo, M.D., Monteiro-Moreira, A.C., Moura,

U 15 atud 1 unsau - Aguiey 2561 FENNYATNITZITY 71

Volume 15 Number 1 January — June 2018



Prawarun Agr. J. Volume 15(1) 2018, Pages 62-73

AA., Costa, JH. and Oliveira, J.T. 2014. Proteomics Changes During the Incompatible Interaction
Between Cowpea and Colletotrichum gloeosporioides (Penz.) Penz and Sacc. Plant Sci. 217(218): 158- 175.

Mutuku, J. M. and Nose, A. 2012. Changes in the Contents of Metabolites and Enzyme Activities in Rice Plants
Responding to Rhizoctonia solani Kuhn Infection: Activation of Glycolysis and Connection to
Phenylpropanoid Pathway. Plant Cell Physiol. 53(6): 1017-1032.

Mutuku, M. and Nose, A. 2010. Rhizoctonia solani Infection in Two Rice Lines Increases mRNA Expression of
Metabolic Enzymes Genes in Glycolytic, Oxidative Pentose Phosphate Pathways and Secondary
Metabolism. Trop. Agr. Develop. 54(4): 119-131.

Perintawong, N. 2013. Mechanism of Disease Resistance in Plants. King Mongkut's Agricultural Journal 31(3): 76-
82. (in Thai)

Photita, W., Taylor, P. W., Ford, R., Hyde, K D., and Lumyong, S. 2005. Morphological and Molecular
Characterization of Colletotrichum Species from Herbaceous Plants in Thailand. Fungal. Divers. 18: 117-133.

Polesani, M., Desario, F., Ferrarini, A., Zamboni, A., Pezzotti, M., Kortekamp, A. and Polverari, A. 2008. cDNA-
AFLP Analysis of Plant and Pathogen Genes Expressed in Grapevine Infected with Plasmopara viticola.
Bmc Genomics. 9(1): 142.

Poopaiboon, A., Kaosiri, T. and Leelapiromkul, P. 2009. Anthurium: Black Rot Disease Resistance. Kasikorn.
82(4): 63-67. (in Thai)

Shahrtash, M. 2013. Plant Glutathione S-Transferases Function During Environmental Stresses: A Review Article.
Rom. J. Biol. - Plant Biol. 58(1): 19-25.

Soonsuwon, W., Chuenchitt, S., Yenyongsawad, C., Techato, S. and Poonthong, O. 2010. Anthurium Breeding
for Cut Flower. Research report which received financial support from annual government statement of
expenditure 2004-2006. (in Thai)

Subramanian, B., Bansal, V.K., and Kav, N.N. 2005. Proteome-Level Investigation of Brassica carinata-Derived
Resistance to Leptosphaeria maculans. J. Agric. Food Chem. 53(2): 313-324.

Sugihara, K., Hanagata, N., Dubinsky, Z., Baba, S. and Karube, I. 2000. Molecular Characterization of cDNA
Encoding Oxygen Evolving Enhancer Protein 1 Increased by Salt Treatment in the Mangrove Bruguiera
gymnorrhiza. Plant Cell Physiol. 41(11): 1279-1285.

Thaikasetsart. 2012. Typical Characteristics of Anthurium. [Accessed December 13, 2016] Available from: URL:
http://www.thaikasetsart.com/.

Vasanthaiah, H.K.N., Katam, R. and Basha, S.M. 2009. Characterization of Unique and Differentially Expressed
Proteins in Anthracnose-Tolerant Florida Hybrid Bunch Grapes. Appl. Biochem. Biotechnol. 157(3): 395-406.

Wang, Y., Moidu, H., Charles, M.T., Dubé, C. and Khanizadeh, S. 2015. Differential Regulation of Superoxide
Dismutase Activity in Selected Strawberry Lines Exposed to Mycosphaerella fragariae. J. Plant Stud. 4(2): 30-41.

Wiriyaampaiwong, P., Chomnawang, P. Sootsuwan, K. and Samranpong. O. 2013. Preliminary Study on Isolation
of Fungal Pathogen Causing Anthracnose of Anthurium andraeanum in Thailand. [Abstract]. Proceedings
of the 25" Annual Meeting of the Thai Society for Biotechnology and International Conference.
Bangkok. 226. (in Thai)

Zhang, X., Fu, J., Hiromasa, Y., Pan, H., and Bai, G. 2013. Differentially Expressed Proteins Associated with

72 MIEITNEATNIZIT U 15 aduin 1 unsas - dguiey 2561

Volume 15 Number 1 January — June 2018



Prawarun Agr. J. Volume 15(1) 2018, Pages 62-73

Fusarium Head Blight Resistance in Wheat. PloS ONE, 8(12): 1-10.
Zhang, X.L., Si, BW., Fan, CM, Li, HJ. and Wang, X.M. 2014. Proteomics Identification of Differentially
Expressed Leaf Proteins in Response to Setosphaeria turcica Infection in Resistant Maize. J. Integr. Agric.

13(4): 789-803.

U 15 atud 1 unsau - Aguiey 2561 FENNYATNITZITY 73

Volume 15 Number 1 January — June 2018



