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Abstract

Project Code: MRG4980073

Project Title: Identification and Characterization of Chitinase Gene from Soil Fungal
Community for Biological Control

Investigator: Dr. Thipa Asvarak

Mentor: Professor Dr. Watanalai Pangred

Project Period: 1 June 2006 - 1 June 2008 (2 years)

The objectives of this research are isolation of soil fungi with antagonistic
activity against fungal phytopathogens, and cloning of chitinase gene from fungal isolate
of interest. Total of 127 fungal isolates, obtained from 19 soil samples, were screened
for the ability to produce chitinase. From these, 37 chitinase producing isolates were
assayed for antagonistic activity against four fungal test strains, including A. fumigatus
and three phytopathogens: Cochliobolus heterostrophus, Colletotrichum gloeosporioides
and Pythium ultimum. Thirty-three isolates showed the ability to inhibit or alter growth
of at least one fungal test strains, suggesting potential application of chitinase producing
fungi in biological control of fungal pathogens. Molecular identification based on ITS1-
5.8S-ITS2 region of rDNA suggested that most fungal isolates belong to genera
Aspergillus and Trichoderma. Based on chitinase activity and molecular identification, a
fungal isolate N3-1 (high similarity to Trichoderma longibrachiatum) was selected for
cDNA library construction and cloning of chitinase gene. To identify clones carrying
cDNA of chitinase genes, the constructed cDNA library was screened by PCR-based
screening method, using primers specific to conserved region of chitinases and to
vector. Several candidates were obtained, and will be characterized for chitinase cDNA
inserts. Primers designed based on alignment of Trichoderma chitinases were also

used to amplify fragment of chitinase gene from N3-1 genomic DNA. Resulting fragment

was ligated into vector and transformed into Escherichia coli DH5CL. A 1.2 kb fragment
of chitinase gene, whose sequence showed highest similarity to Hypocrea jecorina
chitinase gene chi18-5, was obtained. A full length fragment of this gene (approximate
1.5 kb) will be cloned. In addition, N3-1 was preliminary assayed for in vivo antagonistic
activity against Colletotrichum spp. and P. ultimum. The results suggested potential
application of chitinase producing fungal isolates as biological agents against fungal
phytopathogens.

Keywords: fungi, chitinase, biological control, antagonist, chitinase gene
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nitrogen anuwisania RNA Tagld RNeasy plant minikit (Qiagen) 21ntiwia3eoa (polyA)+ mRNA lagld
Oligotex mRNA kit (Qiagen) wazld poly(A)+ RNA #lalunisia3os cDNA library lagld ZAP-cDNA
synthesis kit (Stratagene) 4953n13132NoURILN38319 cDNA 910 (polyA)+ mRNA 133k 5 Ug lag
1 cDNA synthesis kit (Stratagene) mﬂﬁ?uﬁ'] double strand cDNA W6y EcoRI adapter uastiagae
Xhol nntwdsdaden cDNA filnwialwglasma size fractionation ¢y drip column ﬁmi'«gﬁm
Sepharose CL-2B filtration medium WR99INLNL cDNA fraction (Uszunos 100 LU/ fraction) uRIL TN
U3unas cDNA luudaz fraction lagld Ethidium bromide plate assay Lﬁ‘lal,aaﬂ fractions ﬁﬁ]ﬂﬁumiﬁ§10
cDNA library TGEER ligate cDNA 113 Uni-ZAP XR vector Laz package STk phage lagld Gigapack I
XL packaging extract (Startagene) Lfiavlﬁ primary library IGEEH! amplify library ﬁvlm@ml’ﬁlmﬂﬁﬁﬂ XL1-
Blue MRF" cells wazifi library 147 4°C (1u 0.3% chioroform) uasfi -80°C (Iu 7% DMSO)

msnansed cDNA library Taen15#1 PCR-based screening method

N13711 PCR-based screening method 1ﬁﬁ§ﬁﬂi$qnﬁa’m PCR-based Method for Screening
Libraries (Israel, 2003) lag primers ﬁiﬁ‘lumiﬂ@aaaﬂizﬂauﬁw Con2F 5
TTTGACGGTATTGATATCGACATTG 3’) Waz Con2R (5 GGTGTATCATACATCGTGCAAAC 3) 3
aanLuuan alignment Va4 amino acid sequence 2898% chitinase ﬁnm"fj?aiﬂmﬂﬁuﬁ:ﬁhds] lauaainae:
1% PCR product Uszanms 500 bp waz primers T3 (5 AATTAACCCTCACTAAAGGG 3') uaz T7 (5
GTAATACGACTCACTATAGGGC 3') 93 twizdia Uni-ZAP XR vector 71l#lunsa319 cDNA library

NI primary screening N&d 1 ml SM buffer ﬁlﬁ 3x106 pfu phages AU 1 ml overnight culture
wuefids XL1-Blue MRF’ Uaidl 37°C, 15 uaft 21ntiuidias 18 ml LB+ (supplemented ¢g 10mM MgSO4)
WAL suspension adlu microcentrifuge tube 314231 64 tubes (100 pl/tube) laai3asiln 8x8 matrix (Eﬂ
7 2) w§uafia7ec, 200 rom Uszunm 5 lus Nt pool UARZ row ez WARE column (20U NNUGARE
tube) LTNGIBNH Fouudaleidu pool vod phage suspension $1W3% 16 pools wazld 1 W vaIusaz pool
\{Iw template lwnn3vn PCR Lilany tube ﬁLﬂuﬁ;@é’m:ij positive row Way positive column wa? 341%
phage suspension ﬁ?ulumiﬁﬂ secondary screening dald lassin phage suspension f:m NEUNU
a3y XL1-Blue MRF udauuisiiln 64 tubes (8x8 matrix) 8na3s uazld pools $14aw 16 pools i
template 1wn3¥ PCR 1@wl@dniuns screen A39usn uazdaldan phage suspensions "?'iLfJuﬁngﬂ
3¢%379 positive row WAT positive column il lwnnvi tertiary screening ﬁﬂﬂ%ﬂ Lfiavl,ﬁ phage

suspension i candidate 910 tertiary screening IGEEH! plate 100 pfu 83Uw NZY agar LLa:Ej&ILaaﬂ



plagues 41 diffuse lu SM udlt phage suspension Aldannuday plague 1w template luns¥in PCR

\Wall® positive plaques

Row pools
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Column pools

3‘]]“?; 2 311 pools Va4 phage suspension #11 YU PCR-based screening 284 cDNA library (adapted
from Israel, 2003)

Y 4 v
MinadeuANuaII0 lumsdusiminiyay laveusesiine lsaluiy (in Vivo assay)

Fannalsafiwfildnasauisznaudas Colletotrichum spp. (anthracnose) 2 suwug ldur C.
capsici -1511 (C-1511) uaz C. gloeosporioides-1060 (C-1060) L8z Pythium ultimum (root rot and
damping-off)

§%5U Colletotrichum spp. Ynmanagalu post harvest Taslduan3ndiuazwinnean luns
naaa SLum‘m@aaaf:Lm?Jsm suspension a3 Colletotrichum spp. I@EJLWW:L%@J?W&GU% PDA LLazliaJﬁ
30°C (Jwtian 7 % mnfuymﬁﬂwau%&m 1 plate waNasluitnausinge 10 ml udnawotousslw
i iuRaldiilu suspension  luns inoculate W & wSUEETI N3-1  AlE1Tu treatment  tuLaRen
inoculum 2 uuufatin spore suspension (108 spores/ml) LLa culture filtrate %ﬂﬁmmﬁﬂmﬁaﬂ N3-1.
1w chitin liquid medium 7 30°C, 2000 rpm (Hwan 6 % MNtuGaEanansnfvmalndLAgsTuLIT
surface sterilization WAIRTIILNALUNAWINUAY treat @28 treatment 614 ¢) % 1) treated dapinaudl
ﬂaam%‘ya, 2) treated @28 N3-1 culture filtrate, 3) treated §28 N3-1 spore suspension (108 spores/ml), 4)
treated @28 suspension Va3 Colletotrichum spp., 5) treated ae suspension U3 Colletotrichum spp. e
culture filtrate culture filtrate mau%ai'l LLRe 6) treat e suspension W83 Colletotrichum spp. k8 N3-1
spore suspension (10° spores/ml) lagudaz treatment 1% 25 L FRTUNINENNUaE 50 ul §wsunan
RYIN ﬁ]']ﬂ‘lfu‘].im“ﬂw%ﬂ%']ﬂnﬂ treatment 1% moisture chamber ‘ﬁl@]m‘ﬂﬁflﬁadLLazgﬁLﬂ@]ﬂQWNLﬂgﬂuLLﬂaﬂ
VOIUNALAZYWIAVDILHNATIN 24 S luaduam 7 54 lagvinmmasesdn 5 replicates (WAaz replicate 14
1 WR/1 treatment)

%3 P. ultimum Ynmnasauluninuazuainii lasudinmimaaaseaniy 2 70 ﬁaﬂg}ﬂluau

. B . ' ) ) By
NuaaaTauszAunagn suspension a3 P. ultimum TaepulasiwiziTonasun PDA uaziiufl 30°C



(e 7 % mnfuymﬁu’twau%am 1 plate Wauaslwiinausine 10 ml udnavodnussliidniu
ialgidu suspension dniuaanludn lavld p. ultimum 5 plates dofusiie 1 Alansulasudazganis
NaaadlIznaueg treatment 619 ¢ 9il 1) WwEa treated dapinauiUaanite, 2) Lwia treated 28 N3-
1 spore suspension (108 spores/ml), 3) Luﬁﬂﬂﬁﬂluauﬁﬂqﬂ N3-1 spore suspension, 4) LWAA treated @28
N3-1 culture broth lasudas treatment Uanie 5 Lwae/NIzauwe 2 i (@ 150 @) ¥ 3 replicates
sadoindsandansyansaz 30 Sadans mnfuﬁamzmaﬁ’sﬂqawmaaﬂuﬁ'sﬂﬂu growth chamber 7
amnnd 28 °c mqumﬂﬁuaﬁua: 16 T2la9 waan 7-14 55 uaztufinuanIsIenuaz AN IENNT

LIYVRIGUNE



AanNIINaaag

MILYNLT NN A LAIINAIBE1IAULAZNIIAANTITAIINFIN L8 k3] chitinase

Turmddoitldhmetsduanundeneg s 19 redanltlumuenidenlay
. . ' & o ' a 1% & Aa o A
spread dilutions @199UBING 19 AIBENIAUAILKANMIT PDA udusniiannianwuenanani
L ea e oA X Xa v X A LA ow e 5
wandnsnuluudazdadnsduldasunemadsazalniial#ldizesignminarhlydansasnizen
ARINIID&INI chitinase U chitin selective medium ¢ia'll wananMIWENLTaIIL% PDA wad §9la
YN spread dilutions @199 VBIAIBLNIAK 7 @288198IU chitin selective medium laBaTy uas
o A & Aa o A | o v & a £
AaRaniranflansuemouaniiuandriiullainuenliléizeuigns
& o & a LA o & ) o & Ao
mnuu’a‘iammausqwﬁmmﬂ"lmmﬂm 127  isolates  lUnesaudansasvizeNg
. ¥ & L E
ANNENNIIDINIRTISeW DY chitinase laUMITIWIZIRBITETILGRE isolate RILUBIMITRLILTD
chitin selective medium WULEBIIFIUIN 37 isolates ﬁmmsmﬁty}[ﬁﬁuu chitin selective medium
N .. o . . &
wazlnIEINg clear zone U# chitin selective medium vﬁamlﬁm‘mi chitin selective medium Iamu
sthaiulata dmuaasluased 1 laofuBeniiniuminanseditliiin glycerol stock #i -80°C
wialglun1sfinmdaly deathagen faansniaiyladun chitin selective medium waaslugun 3

3un 3 A20819L TR INNLUN LARRZHIRNNIAANTBINIRIIL0 % boa] chitinase



4 . g Ao o & 4 e ¢ . i . .
A13191 1 IUIUTENNINNIAANTBIRTEINNFI 918w L3 chitinase U chitin selective medium

Soil AR TIUIN AU isolates | TINAUIN TUIN Fungal isolates # 7
sampl G884 isolates wonl@uw chitin L%E]i’]ﬁl,l,am isolates “7; 83714 chitinase
e# won leun selective 1dan 859
PDA medium ABEIGn chitinase
CH1 NINNW 6 ND 6 5 CH1-2, CH1-4,
CH1-5, CH1-6,
CH4-1
CH2 NN 4 ND 4 0 _
CH3 wAsaw 11 ND 11 0 )
CH4 ﬂ?\‘]L‘HW 3 ND 3 2 CH4-2. CH4-3
CH5 NILNN 9 ND 9 3 CH5-2, CH5-5,
CH5-6
CH6 umﬂgu 5 ND 5 4 CH6-1, CH6-2,
CH6-3, CH6-5
CH7 NN 2 ND 2 0 _
CHS8 NN 4 ND 4 0 _
N1 NTNN 6 ND 6 1 N1-3
N2 ﬂ?\‘]L‘HW 2 ND 2 1 N2-2
N3 NN 6 ND 6 2 N3-1: N3-2
N4 | synsdam 9 ND 9 3
3 N4-2; N4-3; N4-7
N5 AWITOAS 0 7 7 3 N5-2: N5-3: N5-5
N6 | iwoIyIol 3 5 8 2 N6-1: N6-3
N7 NILNN 8 1 9 4 N7-1; N7-2; N7-3;
N7-4
N8 Ty Iol 5 4 9 3 NB-1- N8-2: N8-3
N9 LW‘ESHSEﬁ 9 4 13 4 N9-4; N9-5; N9-7;
N9-13
N10 | iwosysol 5 3 8 0 ]
N11 Ty sol 3 3 6 0 i
REY 19 100 27 127 37

RUNBLAG: ND = Not Done




o & A a & i . L
ﬂ’ﬁ“ﬂ(ﬂﬁallﬂ’)’]Nﬁ’]&l’]iﬂluﬂ’ﬁﬂutl{lﬂ’]ilﬁJ‘mJL@]UI@I“lIE]{IL“UQ‘E’]ﬁﬂ?JI‘Eﬂl%ﬁ‘H (in vitro assay)

lunns¥in in vitro assay fiefnwenusansalumsiiiu antagonist asandikiunisaa
n309udIINE9 chiinase dalavinalsain leunTe gt chitinase 19 37 isolates #if
anwsnusnlumIaie chitinase anvhnaseuanuswsnlumitugimaeiydvlavengenie
15a@203% dual cultures AULToT 4 auNug Gandinalsalufis 3 wfie léun Cochliobolus
heterostrophus %dﬁﬂﬁlﬁ@liﬂ Southern corn leaf blight lu“iT’l'JIWQ, Colletotrichum gloeosporioides
Zarialsm anthracnose war Pythium ulimum @srielsasnuilufizvanssiia  uar Aspergillus
fumigatus S'fiaLﬂm%aﬁﬁwuvlﬁﬁ"avlﬂLm:mmsnn'a‘l,ﬁt,ﬁﬂmm‘muﬁl,l,ﬁl,l,a: aspergillosis 1u;§ﬂaﬂﬁﬁ
niigunuunwiadle

Pnmnasesnuiidendiuan 33 isolates  Mswsndugimaesaidulazes  C.
gloeosporioides b 'l@A CH1-2, CH1-4, CH1-6, CH4-1, CH4-3, CH5-5, CH5-6, CH6-2, CH6-3, CH6-
5, N1-3, N2-2, N3-1, N3-2, N4-2, N4-3, N4-7, N5-2, N5-3, N5-5, N6-1, N6-3, N7-1, N7-2, N7-3, N7-4,
N8-1, N8-2, N8-3, N9-4, N9-5, N9-7, N9-13 (3Uf1 4)

C. gloeosporioides N3-2 _. 8loeosporioides

gﬂﬁ 4 G183 dual culture plates 71 fungal isolates N3-2 (4a) uaz N4-2 (4b) InadanI3LaIYVad C.
gloeosporioides

fiandmau 2 isolates fisnsnsndudmasaidulaas C. heterostrophus 'l ldur N5-3
ez N8-3 (gﬂ“?'i 3)

C. heterostrophits N5-3 C. heterostrophuts N8-3

31N 5 @18t4 dual culture plates #i fungal isolates N5-3 (3a) waz N8-3 (3b) nadan1Lasgwed C.

heterostrophus

10



wonanenrelsefilln true fungi udr Selddnmenusmansnvesdenfiuenldluns
El'uﬂv'\'imsl,ﬁtymao Pythium ultimum s’fial,ﬂul,%asﬂumju Oomycota 3néns P. ultimum Jwdesine
15auin (rot waz dampling-off) luiTwaruwiia ﬁdLLﬁ’i’]L%ﬂi’ﬂumju Oomycota 2 lai'lédl chitin 1w
9UsznaunanUed cell wall UAINMINATOUNLINTETAFIS chitinase $14In 32 isolates 71
sunnsusimnasyidulazas P. uimum |6 I6un CH1-2; CH1-4; CH1-6; CH4-1; CH4-3; CH5-5;
CH5-6; CH6-2; CH6-3; N1-3; N2-2; N3-1; N3-2; N4-2; N4-3; N4-7; N5-2; N5-3; N5-5; N6-1; N6-3;
N7-1; N7-2; N7-3; N7-4; N8-1; N8-2; N8-3; N9-4; N9-5; N9-7; N9-13 (Ellﬁ 6)

~ o P. ultimity
P. ultimum =" N3 > (no grow

UM 6 aeh9 dual culture plates 71 fungal isolates N3-2 (6a) Uaz N4-2 (6b) T9muNIAFI

chitinase 'latinadansiaSyes P. ultimum

Pnndeniuenlduaziiundansasiianumusnlumsshaenlsd chinase $1wan
37 isolates Wudn SiTamduan 19 isolates fiswsnsusimnaSyiiulaves Afumigatus 1o laun
CH1-4, CH1-6, CH4-1, CH6-2, CH6-5, N1-3, N2-2, N3-1, N4-2, N4-7, N5-2, N5-3, N6-3, N7-3, N7-4,
N8-1, N9-4, N9-7, N9-13 (3171 5)

31N 7 @18t19 dual culture plates 11 fungal isolates CH4-1 (7a) Waz CH6-2 (7b) dNasanIlaTqyves
A. fumigatus

[
2 '

AIBWINN in vitro assay W‘.U’J’]’i]’mL%ai’]ﬁflﬂ's’]&lEi’lll’]iﬂl%ﬂ’]iﬁ%"]d chitinase 37434 37
. AR . Aa o & a & A ' @ = A o
isolates 404 33 isolates ‘Y]&lNail‘uElx‘iﬂﬂil,ﬁ]ﬂy‘llENL‘ITE]S’IY]I‘ﬂ%ﬂ’]SY]@]ﬁﬂUE]F;J"IG%QF;I%%O‘E%@] @I\jLLﬁﬂdlu
A A v & . & A o . & Aa ' A o v
AN 2 ‘UGLL@@NIML%WJ’]L‘MTW]&TN chitinase Lﬂ%L‘Eai’m&Jﬂ'J’lilu’]aul’%amdUdiuﬂ’]iu’m’ﬂ“mﬂu

biological control agent
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@1319% 2 F3UNANINARAUNITUIIY8Y fungal isolates NIIANMUEINNIINFINN chitinase LAzHUHITE

srialse
Fungal Isolates m‘sﬂ'uE]v'amit,fﬁtyl,auimaal,%aﬁ
C. gloeosporioides | C. heterostrophus P. ultimum A. fumigatus
CH1-2 + - + -
CH1-4 ++ - ++ +++
CH1-5 - - - -
CH1-6 ++ - ++ ++
CH4-1 +++ - +++ ++
CH4-2 - - - -
CH4-3 ++ - ++ -
CH5-2 - - - -
CH5-5 + - + -
CH5-6 + - + }
CHG6-1 - - - -
CH6-2 ++ - ++ +++
CH6-3 +++ - +++ -
CHG6-5 +++ - - +++
N1-3 +++ ND +++ ++
N2-2 ++ ND ++ +++
N3-1 +++ - +++ ++
N3-2 ++ ND ++ -
N4-2 +++ ND +++ +
N4-3 ++ - ++ -
N4-7 +++ - +++ +++
N5-2 + - + +++
N5-3 ++ + ++ +++
N5-5 +++ - +++ -
N6-1 + - + -
N6-3 + - + 4+
N7-1 +++ - +++ -
N7-2 +++ - +++ -
N7-3 +++ - +++ +++
N7-4 +++ - +++ +++

12



Fungal Isolates msﬂ'uﬂ”'anﬁsr«ﬁzytauimau%mw
C. gloeosporioides | C. heterostrophus P. ultimum A. fumigatus
N8-1 +++ ND +++ ++
N8-2 ++ - ++ -
N8-3 +++ + +++ -
N9-4 + - + +
N9-5 + - + -
N9-7 +++ - ++ +++
N9-13 ++ - +++ +++
R 33 2 33 19
RUBLAG: + = weak inhibition; + + = strong inhibition; + + + = very strong inhibition; - = no inhibition;

ND = Not Done

MIILATIEH activity Vo3Lan sl chitinase

PNNMINANTBITETNNRANNENITALUNNTRINI chitinase @38 chitin selective agar b6
[ & A a [ . & & a (Y
Aalanimanfihazlanuauninlumiains chitinase g9 landrasunariianansaaiylduuemns
chitin selective medium Wazgiae chitin lwaimsawiailu clear zone lag'ldvinms purify 1@and
AalRanuaae hyphal tips method laamsaaTuan hyphal tips anlalafivassanudas isolates
1190 4 BUNNIUUEWNT chitin selective medium L1 aLTETNITYUAILILFINALAUNIAINY clear

Ada £ & o & X . . . '

zone 7019 lalafiNiiaduisaaTuain hyphal tips 81N9UKBIANT chitin selective medium lwsian

& E =2 o Ad . . A s o ¢
ATURINATI NunIShlaladfenuns purify lag hyphal tip method %13taTIzRNITREW b

chitinase 1ag3% colorimetric method é’dLLamlugﬂﬁ 8

p o & o
Eﬂﬂ 8 @1a8139NI7T purify Wwarlasnivi hyphal tips method lagng hyphal tips U#81%17 chitin

selective media Wa&ILNGAA clear zone JOU 9 1alad

anmiensimssioenlod chinase veadarfiiiumsdadaniiwan 11 isolates
leun N1-1, N1-2, N2-1, N2-2, N3-1, N3-2, N5-5, N6-1, N6-3 N9-4 LLaz CH4-1 1ummsmmﬁﬁ chitin
lasifiudratnanne 24 T luadunm 168 Talus (7 5u) uazindragnslumen chitinase activity lag

a . X & {o & \ | a & L@ o
'J% colorimetric  method WU'J']L’ﬁai’]‘ﬁﬂﬂLaaﬂu’]a’]ul%fuuai’mLauvlsﬁﬁlwwmuﬂU']\'j"ﬁﬂlﬁ]u%aﬂﬂ']ﬂ
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inoculation 1uaa1 96 Tlusuazdulnnilidn activity §9gaz89 chitinase lelunasain inoculation

Wwaan 144 109 AIugaIluanIen 3 LLazgﬂﬁ 9

A13199 3 UEAIAILARLVY chitinase activity VBILTAIING 11 isolates Th. LIRIGII¢)

Chitinase Activity (mU/ml) t. 138161199
Isolates #
24 TA. 48 Y. 72 1. 96 Tu. 120 Tu. 144 Ty. 168 Tu.
N6-1 29 7.3 2.8 82.0 145.3 159.0 392.6
N5-5 25 6.7 12.7 51.1 58.9 190.0 326.8
N3-2 2.8 1.1 5.7 133.1 276.5 165.4 198.1
N3-1 0 17.5 17.7 72.8 36.4 269.4 119.4
N1-1 1.1 2.7 27.8 88.1 63.3 167.7 57.5
N2-1 1.4 1.9 48.9 7.7 49.8 146.3 41.8
N1-2 0 5.7 46.8 64.6 56.5 133.9 5.0
N9-4 0.5 10.1 49.9 41.2 29.5 52.8 0
N6-3 0 12.0 26.9 53.5 25.2 32.7 0
N2-2 0 14.3 39.5 36.5 49.8 50.0 24.8
CH4-1 0.2 1.9 9.2 20.9 29.5 18.6 15.0
&b ——N1-1
400 f =—-N2-1
£ 350 - N3-1
g _
E 300 CH4-1
N
5 230 —fe—N3-2
ot
® 200
g ——N5-5
g 150
&) ——N6-1
100
——N1-2
50
5 ——N2-2
24 48 7] 9% 120 144 168 N6-3
Time (hours) N9-4

gﬂ‘ﬁ' 9 NWULEAIAN chitinase activity 28915851718 11 isolates oh. LIRS 9

nmst3ufisuen activity 289 chitinase WUINLETA activity goﬁqﬂﬁm%vaﬁmﬂﬁuﬁ:
N6-1, N5-5 and N3-2 @9&nwme morphology adondsiuganle genus Aspergillus uasLBesany
ﬁuﬁ: N3-1, N1-1 and N2-1 %dﬁﬁﬂﬁm: morphology ﬂﬁﬂﬂﬂﬁdﬁﬂt’%@iﬂu genus Trichoderma

AU
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NMIANEN NI UTIINGNVDITBINN&INS chitinase

Vl@i”ﬁwmiﬁﬂmmaanﬁﬁwmﬁm%’m%@m isolates ‘*?'iu'nau’[’%ﬁt\aﬂﬁiﬂa%ﬁwﬁuﬂ@ﬂmﬁﬂ
rDNA sequences WaxN13¥1N amplified ribosomal DNA restriction analysis (ARDRA) Lﬁa"ﬁwlumﬁ@
ﬂiejwaal,%aﬂﬁmﬁ]ﬂ sequences AABARINK lasiuaNaaLdwaaI8 DNeasy plant mini kit
(Qiagen) niuwindFuefilaunlin template 14n15%i1 Polymerase Chain Reaction (PCR) @28
primers fisumzaadIn ITS1-5.85-ITS2 a8 ribosomal RNA (rDNA) 209171 MINTUSINTIAFOL
YUIAVBY products ﬁvl,éﬁml gel electrophoresis WUIRNNTD MG PCR products NN isolates @3
LLam‘Lugﬂﬁ 10

U

IR o
£2 2 2

DAL A
N> OO
2 =2 =2 <

AR

1.0kb_ = !
0.5 KD_ gy 8 s 0 e O e B0 e

—_ -—
gﬂﬁ 10 @188INANAAINNNIHN PCR lagld primers ITS1 way ITS4

o PCR products N1 purify uazinlUvin sequencing lawld primer ITS1 Allunsri
PCR uazidIouifisy sequence NU database 9MNWaNNI¥1 sequencing Pa918a79 1w 23 isolates
WU sequences °lla<1L%aﬁmdﬂf:ﬁmﬂuﬂﬁmﬂﬁdﬁ'm%ai’l Trichoderma longibrachiatrum (N1-1, N1-
2, N2-1, N3-1, N7-2 W8z CH6-2), Trichoderma reesei (CH4-1), Aspergillus fumigatus (N1-3, N3-2,
N5-2, N5-3, N5-5, N7-1, N9-4, N9-5, CH1-2 was CH4-3), Aspergillus tamarii (N4-2) WLae Aspergillus
flavus (N2-2, N9-7 WLaz CH5-3), Aspergillus terreus (CH1-6) WWas Penicillium raperi (CH5-2)

Amplified rDNA Restriction Analysis (ARDRA)

Lﬁam PCR products 41 purify lagld Qiagen PCR purification kit (Qiagen) Uaztaseig
restriction enzymes Haelll e Hinfl WRZ®IIIRADLY patterns Va3 digests ﬁvl@ﬁm agarose gel
electrophoresis WUENANIOFINALAY pattern MIiagas Haelll uaz Hinfl Auandronwledszning
patterns W83 N1-2 W8 N1-3 (T. longibrachiatrum) W8 N1-3, N5-2, N5-3, N7-1, N4-2 L8z N2-2
(Aspergillus spp.) é’dLLaqugﬂﬁ 11 usasliiAuialselomioainsi ARDRA andszandldlums
%’ﬂﬂa;m%ainﬁaaﬁuﬁamﬁaa@ﬂ’ﬁ%ﬁaumaamsﬁﬂ sequencing mau%aiﬂuﬂa;m?]mﬁ'u 2t lsn

o ' g ' & v o . .. { a a
@lﬁllﬂﬁiﬁ]ﬁ]@]ﬂiﬂllL%Eﬁ']E]EI'IGQZLSEI@]?J%E]']E]%Z@IENQ'WIEJ primers LLR< restriction enzymes GITEVRGEY
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gﬂﬁ 11 @8819m¥in ARDRA lasnnsties Purified PCR products §38 Haelll (U%) and Hinfl (814)

38319 cDNA library Ua417831

9wl isolates Nilen activity g9gafa N6-1, N5-5 uaz N3-2  udanuamyiasziniion
A A A& @ ' « 3 A a o A oV va ac Aa
Tinnvsiinsanasnanndu A fumigatus Tiaradimsaeansiy wannnhaslalnuiseniinng

e . [% o & emo a ¥ . A .
clone 8% chitinase 9N A. fumigatus Ui1 GIUEITLIIAALRENITEN isolate N3-1 49i chitinase
activity Q\ﬁada\‘m’n,l,azé'ﬂﬂm: morphology LtazwamﬁLﬂi’]:ﬁmda%%’fmmlid%’hl,ﬂu Trichoderma
sp. las rDNA sequence JanuasuadIny T longibrachiatrum Waltlums clone Bu chitinase
dald las N3-1 uanamazfienumaninlumssing chitnase gaudd dudwdenlu genus
& = | ] aA v

Trichoderma Ta8laNanu150 b3t biocontrol agns@dnane

o a o . & wn @ o & A a 6 A [ .

§1TUN13YIN cDNA library #i fidudasmaigeniiiaannalesinoaniialas (single spore

{ & o & { a A & o & °
culture) Liasanatasiilu haploid asuulalafifiinannieatasdadu uninuclear culture a9t a3

g o . v ~ . . . v . . & U
a3 N3-1 1nvins purify 83D single spore isolation wld single spore isolates DIRINIINRIN
clear zone UWa %17 chitin selective medium  NNUUIIFAA RNA 1A mycelium 1 harvest 910
o oy . . . ) a v (% @

culture 818 6 uvad N3-1 lu chitin liquid medium F3nmaiienzinsaisenlodlduaasldinu
Juflugasniiniuansaanvasbu chitinase wudnawInana RNA ldaadaadndlugd 12 lasgan
band 1843 28S Lar 18S RNA

28S
188

311 12 @78£19 RNA N&n@a1n mycelium 17831 N3-1
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NuLa3sy poly(A)+ RNA lagld Oligotex mRNA purification wazls poly(Ay+ RNA filef
Uszanme 5 g 10w template lun13a319 cDNA 11 double strand cDNA 8163 EcoRI adapter Waz
tasaat Xhol nauazinlvin size fractionation laslt drip column ﬁ‘.l_lﬁﬁ)lﬁ’m Sepharose CL-2B lag
WA fraction (U3zNnok 100 LW/ fraction) 3113w 21 fractions #adanUszunmalInnoe cDNA lundas
fraction lagld Ethidium bromide plate assay Wa2 Qﬁﬁ'ﬂﬁuﬁaﬂl"f fraction ﬁ 1-9 Tunulunsang
cDNA library lag ligate cDNA 11l Uni-ZAP XR vector Wi package L11 phage lag/ls Gigapack
Il XL packaging extract (Startagene) 1NN titering laslfiuafiiSy XL1 Blue MRF wWuin
primary library a8 titer Uszanm 2x10° pfu/ml UaZWAIAN amplify library WY tittering WU
library L& titer Uszanas 4x10” pfu/ml uastfiv library #l3iieldlunmsaansesnn clone ATTUEIH

2a98% chitinase ot

M3A@nIad cDNA library lasn3vin PCR

d’mﬁ%&lﬁﬂizﬂqﬂ@ﬂ% PCR-based screening method Lﬁla‘m clone ﬁﬁd’m"ua\‘lﬁu chitinase
31N cDNA library lagaanuuy primers ﬁi"ﬁ‘[ﬁ specific AU conserved region 2848% chitinase 1NN1T
N alignment 84 amino acid sequences V8484 chitinase §19¢) luﬂfql;il family 18 T primary
screening il phage L’%'M@Tuﬂs:mm 10° pfu 41 amplify uaudadn 64 tube (UL 8x8 matrix) Lfia
974 reactions 910 8 rows Waz 8 columns leiilu 16 pools Wa39¥n primary PCR creening lagle
aanLuy primers Con2F LLaz Con2R 37N conserved regions 28484 chitinase lasaiainazlw product
2318 500 bp Lilanasauniu pools 189 phage suspension W§IWLNS products wanzvwe lagd
product flFutalandia products 1A 500 bp uaz 1kb lunn pools analsfimuielfuuefise
XL1-Blue iw template W71 primers Con2F/Con2R 1w product TU1a 500 bp ¢ ﬁdﬁ?umﬂ%
primers Con2F/Con2R a123zlina false negative luns screening e é’oﬁ?mﬁ"aslﬁ primer pairs Y
ANUILINNZ6D phage suspension 14NN3¥N screening 3atdanlt primer Con 2F uaz T3 las Con2F
9z specific §a conserved region a4 chitinase ﬁag}'uu cDNA insert Mmmzﬁ T3 2 specific nu
Unizap vector Al#lun1sa$1s cDNA library lagenaindn phage il insert AflTusiuvasin
chitinase 3l positive PCR product lunsvin screening %dLﬁ'aﬂﬂaau primers Con2F ez T3 lag
M phage suspension Wae XL1-Blue i} templates WU A products Tu phage suspension L6
1ail# product 1w XL1-Blue

lunsin primary screening A28 primers Con2F L T3 fummdwﬁﬁ phage ﬁ?uﬁ insert ﬁﬁ
Fudruwosdn chitinase 2z 1w positive PCR product s‘édmmwzwu%mwmﬂﬁuagﬁwmmaa
cDNA insert 11 phage (Lﬁaoa'm primer Con 2F %t specific 8 conserved region maa%ummaaﬁu
chitinase ﬁag}'uu cDNA insert WLa8s T3 specific nu UniZap vector) 371NN13 screen W‘jJ’J"lLﬁa‘Llnﬂ
pools &IN5t pools 71 1 uax 2 1% PCR products nanswwia ﬁdLLamlugﬂﬁ 13 Tag pools &aulng &
products ALFuTALANAaVIALTZMs 1.2 Kb, 700 bp W&z 500 bp AN%wLEaN column pool 6 WA
row pool B &8 PCR product 2w1a@insnadatan uaziin phage suspension 31N tube ﬁﬁg@lﬁ@ 6B WN
15lun13¥i secondary screening da'ly Taaiilarh titer udawu phage suspension A3 titer Uszanm

7x107 pfu/mi 9 106 pfu e luan secondary screening
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Column pools Row pools

1 2 3 4 5 6 7 8 AB CDE F G H

Eﬂﬁ 13 WAaN13¥11 primary screening 284 cDNA library

Dlalalalebidll secondary screening W‘]J’J"‘lﬁ PCR products Eluv;n pools Tasgawy products
2110 1.2 kb, 700 bp WAz 500 bp lu NN pools Az product BUIABY AaLTZN™ 150 bp, 350 bp
@8 NUBLREN column pool 8 Was row pool A “ﬁdﬁ PCR product kaz#1 phage suspension a1n

tube ‘ﬁﬁg@ﬁ@ 8A w1 lflun13vin secondary tertiary screening @a'ld

Column pools Row pools

1 2 3 4 5 6 7 8 A B CD EFG H

1.5kb

kb
kb
kb

0.5
0.3
0.2
0.1kb

;Jﬂﬁ 14 WaN13¥11 secondary screening U84 cDNA library

INNINN tertiary screening W‘]J’j’lfl PCR products SLWQTI pools las PCR product ﬁLﬁu
FaauAouwI@ 1.2kb, 700 bp, 500 bp Waz1l3zanm 150-200 bp lag pools Al product 2w1a 1.2kb,
700 bp, 500 bp (il products AFnafuLazfaauanasud primary screening) TaLawAa column
pools 1-8 e row pools A, B, C, E, F uac H ﬁ]’mﬁ?u%dl,ﬁaﬂ column pool 4 ILaz row pool C %dﬁ
PCR product 11@69naIfiTalanuaziin phage suspension 31N tube ﬁg@é‘ﬂ ac anlglunsvin

plate assay ¢a 'l



Column pools Row pools

1 2 3 4 5 6 7 8 A B CD EF G H

Eﬂﬁ 15 WAaN1I¥N tertiary screening a4 cDNA library

M3 plate assay ¥ilay plate phage 31N tube ﬁq@ﬁﬂ 4C 911 100 pfu LLazejmﬁaﬂ
plagues #iléwn diffuse T SM buffer uazgaLian 20 plagues 11Eidu template lun13vih PCR Lo
193 clone fimnainazddusiuuasiin chitinase oy B9 ™. L'Jm‘ﬁ'm'%ﬂm']mmfrﬁﬂé‘aa%islmzwj'mms
sona laganainazle clone 7ifiTudI1 cDNA 28984 chitinase tatian excise plasmid UazfAn®N
cDNA 28984 chitinase 1 lag sequence 189 cDNA 2119798% chitinase fiuaasoan mandiana
RNA LfaLa3u3 cDNA library %ana1nii clone A1l cDNA waafiu chitinase ﬁﬁ&l‘lﬂiﬂiﬂéﬁ]:ﬁﬂiﬂﬂ‘ﬁﬁ:
azmﬁﬂumiﬁ']mﬂizyqﬂ@‘“lfﬁ’luamﬂm \flasan cDNA Aldidusinasin chitinase ugasaan uaz
13§ intron eaviudwy cDNA ﬁmJyjszﬁﬁa:mmsnﬁﬂﬂ‘lﬂun’mmmaanlu?aﬁ%%m'é"uG] wenanida
e

ognolsfiauiiosainmIvih PCR-based screening lagld primers Con2F uaz T3 wuma
positive Tunane pools %ammﬁadmmn nonspecificity U8y primer %daammulﬁﬁ’nww@ia
conserved region U84 chitinase ﬁafuﬂzlﬁwa positive 6ia°qﬂ phage ‘ﬁﬁd’au‘nao conserved region 17:
(@9onafinanwdn chitinase) ot Fariumniasn primers 1% specificity go’fumaﬁﬂﬂé’maﬁ%‘mw

a &
HNKINEY

n3laaudn chitinase 310 genomic DNA 2841871

A ao = L A A . a

LBBIINNNUIEARLTULIAIINEUN encode chitinase VU1 42 kDa Lz homologs Uad8ih
%  weadaniunuimdsnnumaninluvmsguginsasyaaadannelsauazanusmasoluvnmadu
. A A o a s & . o &
biocontrol TILNBAUT sequences UBY homologs VBIYULKANWINNLTAIN Trichoderma spp. SUWUD
d99 wndFeufisuiuudmuiluudasnguiianuadoafiiuetninin asuuIseanuuy  primers
270 alignment 28384 chitinase 42 w4 Trichoderma spp. fia G42F, G42R uaz G42R2 lasaaii
G42F/G42R azl#h product Hw partial gene wuwaUszanmh 1.2 kb UAzAIAIN G42F/G42R2 2zl

product 1T full length gene BWaLlszunth 1.5 kb
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1401

T. wiride EFE35427
T. hamatum AYZ58852

T. harzianum X7%381
Trichoderma sp. g241%

T. wiride AF208842

* C4ZR 2700
: GACATGCTCACCR

T. wiride EFe35427
hamatum AYZS5E8S5E
. harzianum X7%3E1

TICT?
1 BEC
L = el

ENE

Trichoderma sp. DQ46241% 31 EBEC
T. wiride AFZ08842 TTCTR
2701 2750
T. wiride EF€35427 [131g) RRRRGETCTCTTACCTCARGRATCTICGECCIGGEAGGCRAGTIATGETITICIGS
T. hamatum AYZ588B58 ([26E87) ---—-—————————— e e ——— e

T. harzianum X75381 (135%2) COARGETCTCTTACCTCARGARCCTOGECCTEEEACEERAGCATETICTEG
Trichoderma sp. 4 11222y OCARGEICTCTITACCTCAMGARCCTCGECCTIEECACECAGTATETICTES

T. wiride AFZO0E842 (1IZ35) ARRRGCTCICTTIACCTICARCGRRATCTICGECCIGGERGECIRGTICTICTIICTIEE
2751 2800
T. wiride EF€35427  (ligg) GREGCTITCIGCIGRACARGRCTGECTCIGACTCCITGATCGEARCARGCCR
T. hamatum AY¥253858 (2637) -————————————————————
T. hareianum X75381 (1442) GRAGCTICIGCTIGACARCACTCCCTICTEACTCCTITCATCGGARCRRCCCH
Trichoderma sp. DQ48241% (1333) GRAGCTICTGCTIGACARGACTEECTICTEACTCCITGATCGEARCRRGCCE
T. wiride AFZ208842 (1335) GRCGGCTTICTGCIGACRACACTCGCTC IGACTCCITCGATCGECACARCCCH
2801 28BS0
T. wiride EFE35427 1 CRGAGCEITGGERRGCCT EGRCTCRACTCAGRRCTTGLTGAGCTRACCCCR
T. hamatum AY253853 ] mmmmm e e
T. harzianum X75381 521 CRERGCTITGGGERAGCCTAGRCTCCACTCRAGRACTTGCTGAGCTACCCCAR
Trichoderma sp. DQ4e241% 1 CRGAGCT T IGGEAAGCCTAGACTCCACTCACARCTIGCTGAGCTACCCCR
T. wiride AFZ08842 1 CRGRGCEITGGERRGCCTEERACTCRARCTCRAGRRCTTGLTGRAGCTACCCCR
2851 G4ZRZ - 2893
T. wiride EF€35427 (l4geg) RCTCOCCRGTATGATARCATCCCRRECGETCTCRACTRAGRGARTC
T. hamatum RY2588598 (2657)
T. harzianum X7538B1 (1 T RCTOCCRGIATGATARCATCCCRRGCGETCTCARCTAG-—--——
Trichoderma sp. DQ4 1z (1233) ACTCCCAGTATGATARCATCCGARGCGEICTICARCTAG---—-
T. wiride AFZO0E842 (1435) RACTOCCRGIATGATARCATCCCRRECGETICTCARCTAGRGATE

gﬂﬁ 16 §7u84 alignment A1lFlumIoanUUL primers G42F, G42R uaz G42R2 (LEAILANIZLIIEIL

284 alignment LYINTh)

2INN13 amplify genomic DNA 28913971 N3-1 618 G42F/G42R Faenainazlst product 1w
partial gene 11AL3za ™ 1.2 kb Wudn'le PCR product amafiana'ly é’dl,l,aﬂﬂugﬂﬁ 15 Taaiilain
PCR product Al sequencing WUINHANNASEARINL family 18 endochitinase el
ﬂ@;&l Trichoderma spp. ALY I@Uﬁﬂ’a’]uﬂﬁ’]&lﬂﬁdgdq@ﬁ'ﬂ Hypocrea jecorina chitinase 18-5
(chi18-5) gene (Accession number BK006078, 84% identity)

ﬁnﬂﬁ?u?jd clone PCR product ‘ﬁlvlé'f lasols pGEM-T easy vector LAz transform 1 E. coli
DH50L iasfiananadauarvindiamzslasnsvin PCR éae primers M13F/M13R Foflanusumzae
vector LAz primers G42F/G42R WU insert muﬂﬂﬁm@vﬁﬁd ﬁGLLamluEﬂ‘ﬁ' 17 27NN17 sequence
wanadafilalagld primers M13F waz M13R wuinlsiua Blastn iwutdeniiu PCR fragment Aafiana
ﬂé’mﬂﬁagaﬁu endochitinase U834 Trichoderma spp. Imﬁmmaﬁmﬂﬁdgaq@ﬁu Hypocrea jecorina
chitinase 18-5 (chi18-5) gene (accession number: BK0O06078, 85% identity) (Seidl et al, 2005) %aﬁu
chi18-5 w83 H. jecorina (T. reesei) f': encode chitinase W16 46 kDa uaziin ortholog APYEN
Trichoderma spp. ‘ﬁ encode endochitinase Y#1@ 42 kDa %oﬂuﬁuﬁlﬁumiaammu primers G42F
ae G42R

20



>
& & &S
SIS S
ge&e&e

%
b ™ §

G42F/G42R M13F/M13R

gﬂﬁ 17 n13 clone partial chitinase gene 3710 genomic DNA a) PCR product 371nN13 amplify N3-1
genomic DNA @28 G42F/G42R, b) plasmids 7l§a1nm73 clone G42F/G42R uaz c) plasmids 71ldann
N3 clone G42F/G42R amplified @28 primers G42F/G42R (F18) Waz @28 M13F/M13R (177)

Lﬁlami clone fiw chitinase ﬁt‘ﬂu full legth ldaanuuy primer G42R Lﬁla amplify fragment ﬁ
aai1azld full length vasdufinangnadu (Iu plasmid pG42FR-1 uaz pG42FR-2, gﬂﬁ 17b) lasan
alignment A1931 primers G42F/G42R2 Azl product ﬁL‘ﬂu full length gene WU 501 1.5 kb Lfia
1 primers Qﬁiunﬁi amplify genomic DNA 28918851 N3-1 Tagld Pfu DNA polymerase WU bé'
products nangmwalasdvwefianalsAoUszanm 1.5 kb @28 39 purify fragment sananalasld gel
purification kit (Bioneer) Was ligate L pGEM-T easy vector Las transform 1 E. coli DH50L
ANEAL mmzf:ﬁ'da%ﬂm:wmmﬁawa sequencing 189 plasmid 7116 (gﬂ'ﬁ' 18)

N oAcY
2 @
bgféggﬁ

gﬂﬁ 18 Plasmid ﬁvlﬁil’mmi clone fragment 1%1@ 1.5 kb %dL‘ﬂ% products 31nN1T N3-1 genomic
DNA @18 primers G42F/G42R2

993 clone % chitinase 28997N genomic DNA 28913831 N3-1 WUNaansa clone Hu
chitinase ﬁLﬂu partial gene Yu1a 1.2 kb 16 wazlevinms clone Ehuﬁl,‘flu full length gene ﬂlaaﬁui{
Failo\dna sequencing ud1az characterize Huitle lapfufi clone Idazmusninludszgndlslu
msAnwmMsuaasaanvaddulddaluluamaan
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minagauilasduiiafnmanyaydsabunsdugimsiasandulavasdaninalsaluis  (in vivo

assay[
NINAFDULDBIAWINaANBIANEINITNVDILED31 N3-1  1n198u8913831 Colletotrichum

spp. lHansn

[RadnEanusanIaveion N3-1 lumstiusaBas Colletotrichum spp. luite lévinms
inoculate NaWSNTINUAENINWEINGE suspension 28318851 Colletotrichum spp. 2 ﬁ’]i]ﬁ%ﬁj ldud c.
capsici -1511 (C-1511) waz C. gloeosporioides-1060 (C-1060) laBEILHALUHANIA WA treat G128
suspension TadL"‘}?aﬂ Colletotrichum spp. mﬂﬁ?u treat UNAAINEIIGQY spore suspension %30
culture filtrate ’UE]GL%E]T] N3-1 LL&:?I@]@]’]&IQE%HNZLL&:%%’I@TE]GLLN@U%NEIW%ﬂYJﬂ5] 24 %’313\]& Wwian
7 T Imﬁq@muquﬂi:ﬂauﬁ’m waw’%nﬁ treat ﬁ%ﬁﬁﬂﬂ§u‘ﬂﬂm§ﬂ (negative control), Nﬂw%ﬂ“?‘i treat
@28 broth ﬁvlaiﬁl,%aﬁ N3-1 (negative control), Naw"?ﬂ‘ﬁl treat @28 suspension Va4 Colletotrichum
spp. (positive control) LLa:Naw%ﬂ'ﬁl treat @28 spore suspension %38 culture filtrate maaL%aﬁﬂ N3-1
(negative control) las¥innsnased 5 replicates (1 W&/ treatment/ replicate) ﬁ{ILLaﬂ\‘llumiwﬁ 4

INNNINANAINLINT treat NﬂW%ﬂ%W’]ﬁlsl spore suspension %38 culture filtrate madL%a
31 N3-1 ﬁwalﬁlmauuwaw%ﬂﬁLﬁ@]mm“ﬁaﬂ C-1511 Jaw1aaaad f9uln"T treat @28 culture filtrate
IL§Z spore suspension maav‘%aﬁ N3-1 azlfifasesdaniuSaunafivn 3dsenaiiasnnan

Ujf3evasizda treatment udnuguuszaslinaasaininldda
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A13191 4 HANINARILAMVEINITOVBITET N3-1 Jn138uaTas C-1511 lunawindin

treatment YUALHALUHAWIN (LTUANAT)
Sl 1 | dwi2 | wAs | duna | Suiis | duile | w7
1511 1 0 + 0.5 1.35 1.95 2.75 3.4
2 0 + 1 15 2.25 2.75 3
3 0 + 0.95 1.5 2.05 2.8 3
4 0 + 0.75 15 2 2.65 2.85
5 0 + 1.05 15 2.35 2.55 2.75
Anad 0 + 0.85 1.47 2.12 27 3
CAB11+NEAS 1 0 + 0.4 0.65 1.25 1.65 2.15
2 0 + 0.25 0.6 1.75 2.45 3
3 0 + 0.25 0.65 1.75 2.05 2.5
4 0 + 0.25 0.35 0.85 1.1 1.6
5 0 + 0.3 0.1 0.95 1.9 2.65
fLafe 0 + 0.29 0.47 1.31 1.83 2.38
1 0 + 0.55 1.7 2.4 25 3.1
C1511+N3-1F 2 0 + 0.55 1.1 1.6 2.25 2.65
3 0 + 0.21 0.25 0.85 2 2.55
4 0 + 0.35 0.55 1.2 1.8 2.75
5 0 + 0.35 1.1 2.1 2.35 3
Aade 0 + 0.40 0.94 1.63 2.18 2.81

Note: N3-1S = spore suspension PYBILTOIN N3-1; N3-1F = culture filtrate PBILTOT N3-1; 0 = Taimy

MIUROULURIVDILHNAUBNANTA; + = INTURIULLFIVILHALURANT NS L& T

YDILHA L6
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FIBHANINTANN treat G281 C-1060 WUIINTT treat NaWINTHIG28 spore suspension 138

culture filtrate V8988771 N3-1 N IALNAUBNANINNLAAINNLTEI) C1511 Fawiaaaadtanitaylusig

M 1-3 PBININARDI vsé'amﬂﬁfuvl,ajé'am@Lﬁuwamsﬁuﬂ'amm;umwaﬂiﬂ (A1319% 5)

A1399 5 HANIINAROUAMNENITDVAITETT N3-1 138U 8a77 C-1060 IwuawInTw

treatment YWNAUNAUWHAWIN (LTUALNAT)
Suft 1 Sufi2 | w3 | duiia | Suiis | Suie | uii7
1060 1 0 + 1.15 1.2 1.65 1.8 2.05
2 0 + 1.05 1.45 2 2.05 2.05
3 0 + 0.8 0.95 1.15 1.8 2.45
4 0 + 0.55 0.85 1.75 1.85 1.75
5 0 + 1.05 1.5 1.55 1.8 2.1
@hm’é‘m 0 + 0.92 1.19 1.62 1.86 2.08
C-1060+N3-1S 1 0 + 0.75 1.2 1.55 1.85 3.5
2 0 + 0.7 1.75 1.55 1.6 2.1
3 0 + 0.35 1.1 1.65 2.3 2.25
4 0 + 0.65 1.25 1.75 2.15 2.9
5 0 + 0.45 1.25 2 2.55 2.6
Anady 0 " 0.58 1.31 17 2.09 2.67
1 0 + 0.4 1.2 1.65 1.65 2.25
C-1060+4N3-1F 2 0 + 0.4 0.65 1.1 0.9 1.25
3 0 + 1 1.55 2.05 1.8 2.25
4 0 + 0.55 1.25 1.55 1 2.2
5 0 + 0.65 0.5 1.9 1.75 2.5
@hm’é‘m 0 + 0.6 1.03 1.65 1.42 2.09

Note: N3-1S = spore suspension PYBILTOIN N3-1; N3-1F = culture filtrate YBILTOT N3-1; 0 = Taiwy

MIUROULURIVDILHNAURNANTA; + = FNTURIULLUFIVILHALUHANT NS L& T IUA

YDILNR bF
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MInaaadlunInneInuaadliiAwIn culture filtrate Uaz spore suspension 28915831 N3-1

a@mm;umwa{l 1MINLAaaNLTaI1 C-1511

(71971 6)

A19191 6 NANINAFEUANNENNNTNVRITAT N3-1 IwnsdudaTa C-1511 lunaninuean

1@ lauFINANNUWIALNANAARIDENILAW LATR

YUAUNALWHANIN (LTUALNGT)

treatment Uit 1 Suft2 | Swi3 | Swia | Suns | Suile | uii7
1511 1 0 0 115 2.1 22 2.75 29
2 0 0 0.75 115 1.85 2.75 3.7
3 0 0 1.45 35 4 238 3.7
4 0 0 11 115 2 238 265
5 0 0 14 2.45 25 255 35
ALady 0 0 2478 | 389 | 4544 | 4862 | 551
CAB11+N3AS 1 0 0 165 17 1.95 2 23
2 0 0 0.6 0.75 13 165 2.05
3 0 0 0.65 0.65 115 2.05 2.4
4 0 0 0.85 15 16 1,65 2.25
5 0 0 0.45 0.7 0.75 0.85 1.85
Atady 0 0 0.84 1.06 135 1,64 2.17
1 0 0 0.6 0.6 0.65 0.7 15
C-1511+N3-1C 2 0 0 11 115 1.25 2.25 27
3 0 0 13 1.35 1.9 2 22
4 0 0 0.85 0.9 1.35 18 19
5 0 0 1,65 175 18 235 26
Antady 0 0 1.4 1.15 1.39 1.82 2.18

Note: N3-1S = spore suspension PYBILTOIN N3-1; N3-1F = culture filtrate PBILTOT N3-1; 0 = Taiwy

MU RUULURIVOILHAUBNANTN; + = INTURUULURIVOILNAUUNANT NG b FIN1TDIAVUA

YDIULNR bG

FIUNANWINREINDN treat @28 C-1060 WUINVWIALNANLAANUVUIAADUTIILEANARDATIILIAN

NARDI LAZNNT treat WAWINTHNGI8 spore suspension #3a culture filtrate V89T N3-1 Waninf

a & a & @ B o A [ & Lo =
tNAINLDBIN C1511 mlmﬂa@auaﬂuaﬂuma’mﬂ 1-3 YINITINA[DI %adﬁ]’muuvliladmmmum

miﬂ'uﬁ'amm;mwwaﬂm

25




AIBUIINMINARBLANNEINITOVBTT N3-1 lun38uea%a3n Colletotrichum spp. THHA
WinuaadlAAnItga N3-1 Sanuaansalunsdugadennalsads lasanz C. capsici C-1511
Lq A e - v s . N Y AP
NIUWINITLaLWINHeIN waaslAiAnisnnuhaulalunsdszgndlfizeniuazizan i

ANUFINTD LN TE chitinase 1% biological contro agent LivadiaduiTaNnialsane

4, o & o & X »

311 19 MBEINANINATIUNMINARELANUTINTNVBILT DT N3-1 lunsdugasa C. capsici C-
a gy A . o A o S

1511 TuHawsno#n (L) uazwsnnedn (819) 1IuA 6 189 treatment &9 treatment lunwysznay

#18 a) treat 8 WNAw b) treat §A8LTaI C-1511 c) treat sae C-1511 + N3-1 culture filtrate uaz d)
treat @28 C-1511 + N3-1 spore

& v A & o & & . -~

MsnadauLil s nNaANBIAMNEINITAVDIE DI N3-1 Twnsdudada P, ultimum Twiy

9N NAaNTaILa1318nI8319 chitinase #ae isolates #8NINNITRAMNEINTD L

o & a & Aa . o & X ' A ) A A ™

NIFYUEINTILIIYVBILDAINNA chitin UANANNNNIHULITEIINa LsANT Colletotrichum spp. B34 chitin
\IuesAdsenaunanyaINIILTaRILED 70 in vitro assay @ dual culture method SIUEAILH
WwiTaie 33 isolates (3N 37 isolates) f9ilaNuaInsalumMsgugIrsaiinadaniaiaiyvad P.
ultimum SauiTe comycete firialsalufzdnedin dmugispisfianuaulanmisanuauninves
wenfidaianunltluninanasitidenuduldldnazltlumsaivqulsafsfiiaan . utimum
il lapvimnaaaslunsnuazuainin

A X ;ﬂ' o & dw . A ¥ o .

WafNBIAMNENNTAVBITET N3-1 IWn38uga%Ba3 P. ultimum Wi 1é¥inns inoculate

AunrwnIRLTade suspension Uad P. ultimum W< treat RN TARE spore suspension Wi
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culture filtrate 18917031 N3-1 LALAAANNANTITYVDIAULAZENTINNTIDATIAVBIGUNIWINUAL
LAININN Y 24 falus lwaan 7414 u lagdsnfunamitugsnimndunaiiisendiauazia
Huiefifud @dundr 5 dwnszans uazvidnswan 3 nszonsltreatment) IR LG LT
(1N treatment) ﬁﬂgﬂluau‘ﬁ'ﬂﬂﬂmn P. ultimum Imﬁqﬂmuquﬂszﬂauﬁw Wiad treat detinnaL
aiTe, wiaf treat §aw broth AliiToT N3-1 uazldgnindann treatment aalududilaud P
ultimum

INNMINARBINUINAAWIN WUdN P. ultimum Snadan19anuaznaasyuesduwnainin lag
dedamumaeiydvladunm 14 Jusunaldin lageswuunaiinanasiilauduuszdundndam
Ingjazdvmellufign ddundminitosdszanm 33% Lﬁﬂ‘lfu‘ﬁla%'liaﬂvlﬁ WanSouifinuiuRsid
M7 treat LWAAGIE spore suspension %38 culture filtrate 28918851 N3-1 Wudunawsniansoe
udausuazaigdulaldd lasnsutiuAaninlu N3-1 spore suspension lidunawinagsaa le
19 80% LLa:Lﬂuﬁﬂ’léﬁLﬂ@l’j’m’li treat LWAAGY culture filtrate (%avl@‘fmﬂmi culture L%ai’l N3-1 lu
liquid medium 71 chitin \Juasfdsznay) Senwazudousinia treatment Aug ﬁaﬁﬁunﬁww’%nﬁag’
5001689 100% F98191 N8N culture filtrate 7il51i 10NN culture V91Ho1 N3-1 ALl liquid
medium ﬁﬁ colloidal chitin %1% 6 1% ﬁaﬁ?u Th. L’Jmﬁi‘ﬁ‘tum‘i treat Ww culture filtrate Y19z Ttaw Lol
wia metabolites 51 Aifiuasia P. wltimum o/l culture filtrate winfiaiSoufisunain spore
suspension 28913851 N3-1  anldlagassdades N3-1  anadasldiianlunsatroanloiuas
metabolites §1%31 treatment ﬁmmiﬂqn N3-1 spore suspension aﬂuauﬁﬁ P. ultimum Wu71 N3-1
Fitaoanamsvaslsnldeiainlddalasdunssmannasaldd Sifsssutesfiiunsiinas

Aaflauduilszanaiui 3-4 uazdundwinagsan et 66.67% (13199 7)

A139N 7 HANIITNARDUNINAFALAINRINITOVEILTIN N3-1 Iumsgugasasn P. ultimum et

NaNWIN
Treatment YaINan Pythium N3-1 % normal plant
NA 1aifl (N) g (A) 100%
NB aifl (N) WTLNAA L1 spore suspension (B) 100%
NC 1aid] (N) AAN spore suspension Tudin © 93.33%
ND 1aifi (N) wilaAaalu culture filtrate (D) 100%
PA aanludn (P) g (A) 33.33%
PB ﬂqnluau P) urudalu spore suspension (B) 80%
PC ﬂqrﬂ,u@u (P) AQN spore suspension ludn (C) 66.67%
PD aanludn (P) uzudalu culture filtrate (D) 100%

Note: treatment LLamlumS’MLLazEﬂﬁ 20 I@m N = vL&iﬁ P. ulmimum; P = § P. ultimum w8z treatment
@49 fo A = 136 treated 78 N3-1; B = treated LuAaeIY N3-1 spore suspension; C = Agn N3-1
spore suspension A9lUGH waz D = treated LAAG2E N3-1 culture filtrate 1ae % normal plant A4

MNAWNINTDATININNNNINARBING 3 replicates (5 LAA/NIZOY/replates)
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mnmnasasludunduainaiu P, utimum Snadentssenesuiauaimiuszadyidule
vasdunduaina lasdonafinunatilanlaudu nasnniulszinm 23 Judunsdmlngduens
T Sdunduaniuiiss 27% wiuilseausziaiyldassaszuzmmases WeSoudsufuReii
M7 treat LNAAGIY spore suspension madL%aﬂ N3-1 I@]EJmiLL“ﬁL&J§@ﬂ%aﬂquaoluauwuiﬁﬁuﬂ§1
LL@mm']ﬁé’m’mnsaanga%w,l,a:é'ﬂwm:n'ma’%muu,iaLm fINIUMI treat LNAAGIY N3-1 culture

filtrate WuANduLaINNINMT3LALladnia treatment N1 spore suspension asuaasluansnad 8

A13799 8 HANTINARDUNINAFRALAINIINITOVEILTIN N3-1 Iumsgugasas P. ultimum e

NAUAININ
Treatment 183
LAININ P. ultimum N3-1 % normal plant
NA 1 i 93.33%
NB 1aifi WTLNAA LY spore suspension 93.33%
NC 1aid] AQN spore suspension Tudin 93.33%
ND i uniwaalu culture filtrate 100%
PA agnludn 1aid 27%
PB ﬂqrﬂ,u@u WTLNRA b spore suspension 66.67%
PC ﬂﬂqﬂl%@u AQN spore suspension Tudn 67%
PD Agnludu uBLNaa 1w culture filtrate 100%

Note: treatment LLamlumS’mLLa:Eﬂﬁ 20 lag N = "Wifl P. ulmimum; P = § P. ultimum waz treatment
699 fia A = lai'le treated 618 N3-1; B = treated Luaad28 N3-1 spore suspension; C = Agn N3-1
spore suspension R9lUAY waz D = treated LWAAGIE N3-1 culture filtrate 1ag % normal plant A4

PMNAUNANTDATIAMNNINARDING 3 replicates (5 Lugwmzmd/replates)
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Eﬂﬁ 20 @18 1NNANINARALMINAFEUANNEINNTVEITAT N3-1 lumsgugasa P. ultimum

ludunaIwin (Uh) wazABNAILAINA (819) treatments @199 lwnwdsznaudae a) Luﬁmﬁmﬂgﬁﬂlu
aundl P. ultimum (PA), b) LWAANT treated @28 N3-1 spore suspension 2Y89.¥831 Trichoderma sp.
ﬂ@ﬂluauﬁﬁ P. ultimum (PB), c) Lugﬂﬁ“ﬁﬂgﬂluauﬁﬂgﬁ N3-1 spore suspension Wazdl P. ultimum

(PC) uaz d) LWAANT treated 628l N3-1 culture filtrate ﬂg}ﬂluauﬁﬁ P. ultimum (PD)
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lulassnidufdidodainsdunianiawnsndu  antagonist  daiamliafis  uac
v v = A o & Al £ 4 e Aa a A ¢§'
dasmidumBuiaioenlmifamoninsadlosawiziowlol chitinase NfidszdnTnwganiza
= o a o . .
s lWlglwiuanusmunsaluminisaiugulsauazdagfizuas biological control agent
% wm e W o & o A ' & o & a £4 o &
ld Teofidulduonianandmadiduannundsingg  nnuuisihigedignifuonldnimue 127
isolates lUnasaunansasmitanianuamunsalunsainaanlsod chitnase lagmaiwisiasaie
UG8z isolate AIUKOINIILRLNLTS chitin selective medium  WLLTBI19 W% 37 isolates N&INTD
Lﬁmﬂﬁauu chitin selective medium waziin13&379 clear zone Ut chitin selective medium w3avinl
& ' = v P ¢ a o ., < . o
87913 chitin selective medium laduatndAwlasa 1WatTanfNasnd chitinase N4 37 isolates ¥
negouaNINIAluMIugIMsAvulavaatannaliadieit dual cultures NULTaT 4 &B
« & A ) 3 A = & ] P . v a A @
Wup e Aspergilus  fumigatus  Tudwganiwulamlduazmanindaldifieeinagiuvinaz
aspergiliosis lugthoffinlduiuunniasled uaz wanfidalsaludis 3 fia ldun C. heterostrophus
& 1 v a . v . . & !
Farialiiialsn Southern com leaf blight 1%’11']’31%1@1, C. gloeosporioides F9rialsn anthracnose TuiNs

a

waewha waz P. utimum Seelsawilufrwaosiia wuindits 33 isolates Ailnaduiimaaiy
yasgenildlummasevatnstesnitisfie  Fousasliifuingenfiate chitinase Wwdasid
anushanlaagabalunsianleiiin biological control agent  anuuTes a9 chitinase 11
nsAnsnsendinmlasshunania DNA uasvin PCR lauld primers ITS 1 uaz 1TS4 Fasumne
dafu ribosomal RNA (rDNA) 18413851 #as9n¥in PCR product ﬁvlﬁﬁ?uslﬁu%qw%(uﬁﬂﬁﬁw PCR
product 11¥i1 sequencing Wuﬁﬁmusl‘myﬂm%aiﬂu genera Aspergillus w8z Trichoderma ﬁy’af:;fa‘-ﬁlﬁ
ia'lein PCR products 71 purified u&n mﬁm@aaﬁﬂmjwauﬁaﬂﬁﬁ sequence ARNHARINWL
Lﬁmﬁuﬁ’mmiﬁﬂ amplified ribosomal DNA restriction analysis (ARDRA) lastiay purified products
maaﬁaswﬁﬁmﬁanmﬁw restriction enzymes Haelll WLas Hinfl ILRSLENYUWIALY agarose gel LRI9A
ﬂéé&l“ila\‘il,%ai’l@]'m restriction pattern WUINEINITORINALA pattern N13taguay Haelll Was  Hinfl ﬁ
wananaruldszning patterns 2891@e51lu genera Trichoderma uas Aspergillus waasliiFiuis
dszlomivainissin ARDRA mﬂizﬂqﬂmﬂlﬁumiﬁ’@m‘juL%aswLﬁaaﬁuﬁamﬁaa@m‘séﬁaummmsﬁn
sequencing maaﬁasﬂumjmﬁmﬁu asmvlsﬁmumiﬁ):ff@ﬂéjuL%aﬁaﬂ'wazl,'é'mﬂﬁumw:ﬁaamé’ﬂ
primers a2 restriction enzymes 5%1,171'111,(?111

Tumsdienesdanuamusnlumsss chitinase lddaianifanfidiumsdanses J1a3n
1@@uua19ns chitin selective medium uaztiag chitin luawnsawiadu clear zone  an purify L%ﬂi’]
finaananee hyphal tips method w§1a9in wtaTzimssiisenlas chitinase lasmyiadl N-
acetyl glucosamine wasfwImdn activity lag towlad 1 Unit = YSunoweulosdifivaléifa N-
acetylglucosamine 1 pmole w1 wfi wm"lL%ﬂi’]ﬁﬁ'@Lﬁaﬂmmuslmy'mmmé’amﬂ'ﬁﬁ'mauvlsnﬁ
ATt ITAauRaI N inoculation 1Hwiian 96 TalususzdulnaiFanast activity FIFAVDY
chitinase 1alunasan inoculation tuaan 144 57lus Tapi@esAis activity goﬁq@ﬁm"ﬁrammﬂﬁuﬁ:
N6-1, N5-5 LLaz N3-2 (Aspergillus spp.) LLazL%aiﬂmﬂﬁuﬁ: N3-1, N1-1 and N2-1 (Trichoderma spp.)

AU
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flousl isolates fiien activity g\‘lq@ﬁa N6-1, N5-5 Lay N3-2 LL@imﬂwamﬁmmzﬁmaa%
FAnenUsEinBenasnaiin A fumigatus G9analimssieasie wananilsslainuisedtng
clone % chitinase 310 A. fumigatus T0p! ﬁdﬁmﬁ%&lﬁdﬁmﬁﬂm%ﬂﬂ isolate N3-1 f‘é\‘lﬁ chitinase
activity gmadmmuazwamﬁLﬂiﬁﬁﬁﬂﬁaatﬁﬁwmﬂd%’mﬂu Trichoderma sp. lasfianulnaidss
u T. longibrachiatrum Lﬁal’ﬂumi clone % chitinase da'll lasia3as cDNA library 710 mycelium
289 N3-1 th. LaAfdnsugaiaanaasfin chitinase uf1¢um clone fisigauasiin chitinase lagnns
iNPCR-based screening lumu'i{fﬂf:vlﬁil% primer %dﬁiﬁmn@ia conserved region 483 family 18
chitinase ma\‘iL%aiﬁ Trichoderma spp. @jﬁu primer T3 %oﬁ annealing site U% vector ﬁl‘ﬂumﬁaﬁcﬁd
cDNA library lagannmInansadnuinlana positive Tu phage suspension pools udnwanunn uae
I¢@aidan plagues annseansaslay PCR-based screening #AAnainazdl chitinase cDNA ot 4
mmzﬁL(ﬂ%mmﬂmmﬁtﬂ'\ia%ﬂmmdﬁmﬂﬁawamim% plagues Aflfu chitinase 1NMINARBIANNTA
fina positive 14 pools 283 phage srumanninanaduiiosnnanmsfi con2F &seanuuvann
conserved region 2848% chitinase nonspecificity 8 ﬁdﬁumﬂ“ﬁ primers ﬁﬁ specificity gd"fumﬁ]ﬁ’]
IWlanaitaiandsdn

&1%3U clone 8% chitinase 31N genomic DNA fuﬁﬂmmsaammu primers 31N alignment
madﬁuﬁ encode chitinase Y41@ 42 kDa L8z homologs maaﬁuf:mm%aﬁ Trichoderma spp. mﬂﬁuﬁf
@9 dlosanineawinduiiunumdesanusansolumssu Ei‘iﬂ’]iﬁ]%ty‘ll sadanrislsnfimuay
anuaanTalwnsids biological control agent ANNNINAXDIWLINRINNTID clone fragment YRR
chitinase vw1aUszan 1.2 16 lasdl sequence ﬁﬁﬂuwuﬂﬁmﬂﬁagaq@ﬁuﬁu chitinase 18-5 (chi18-5)
W8I Hypocrea jecorina (accession number: BKO06078, 85% identity) (Seidl et al, 2005) %dﬁu chi18-
5 w83 H. jecorina (T. reesei) f: encode chitinase 3416 46 kDa Waztil ortholog 8uua9 Trichoderma
spp. 7l encode endochitinase 1WA 42 kDa FlElun1saenuuy primers G42F, G42R lusnudsuit 4
Ynuzfiingd 39NN clone fragment Aianainaziilu full length fragment vasEuiidsdumalszanm 1.5
kb s‘éwmz‘ﬁ'Lm‘%mmmmf:ﬁwé'aagluizijmﬁawamsﬁw sequencing Tasaainduitazanansn
ﬁnvlﬂ'ﬂszqn@ﬂﬂumﬁnmmmamaaﬂmaaﬁmﬁlammﬁ’w chitinase lddialuluaman

wananiigslddnsanumusnresniden N3-1 lududagennalsalufia lagvinsdne
luszez post harvest WAzIz8zdUNAT  WANAINARBILAAI MMALABI 1Ta7 N3-1 §10150808MT
yaslsafiifinanniBan Colletotrichum spp. lwHawsnaiuazwinnednls lagdanaifwnaniseuds

Talaudaias C. capsici C-1511 ugasliiduisanuhaulalunsdegndldizeniuanrenid

@

ANNFINNTDINNTES chitinase L4 biological control agent LiNadamulsafaniinanidasn Nk

e

wonanidennalsafiafiu true fungi udrsamuindenisansesunllunwissilimnanniug
dugimaasyues P, utimum Sudwla oomycete fnalsnlufizdndrndsanaiitasuanigend
ihandnesaansnaoewlodaun protease Uaz cellulase #38 metabolites 5%6] fifluadams
W5ty P. ultimum 'la@ne ﬁdfu;ﬁﬁ'ﬁﬁdﬁmwaulaﬁnmﬁdmmmmimjau%aﬁﬁﬁmﬁaﬂml*’ﬁ’lums
‘mﬂaaaffiwﬁmmLﬂMﬂ@‘]’ﬁﬂﬂﬂumimuleiﬂﬁmﬁLﬁmrm P. ultimum w3814 lagannmInaaaslu
AUNAININLAZLAININ WU'i'lﬁzd spore suspension LA culture filtrate ’lla\‘il,%ai’l N3-1 Tr8aaa1nITs
yaslsafinan P. utimum & Taoduivinganainms treat wiadae culture filrate (T9lda1nn1s
culture 13851 N3-1 T liquid medium 713 chitin uassisznan) vhlvdunddanwmeudsusinin
treatment 8us F9o1audlunaan culture filtrate AlFHuldana1n culture Ba9@a3 N3-1 fivialu liquid
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medium 713 colloidal chitin W1t 6 1% A% b, LIANITIWNNT treat N culture filtrate 1Nz iLamw laaf
= . A Aa ' 3 ' . o A = P °
#3828 metabolites a1 NUNNGD P. ultimum aglu culture filtrate wadatIpuLNoUN1Iin spore

suspension AN ltlasasisanatadadldiiarlumiiasyaisenloduas metabolites w1wnIn
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