Cloning of resistant genes against pest and
gray mold disease, and development transgenic

Phalaenopsis orchid plants using the genes
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SUMMARY

I. Title

Cloning of resistant genes against pest and gray mold disease, and development of

transgenic plants using the genes

II. Objectives and Significance of the Research

The objective of the present work is to develop the transgenic plants by the cloning

of resistant genes against pest (snail) and gray mold disease (Botrytis cinerea).
The -cultivation of Phalaenopsis orchid, which was one of the most important

commercial varieties of flowering grass, has been increased rapidly, but pest (snails)
and plant disease (Botrytis cinerea) are the two major problems in cultivation. One of
the major pests of Phalaenopsis orchid is snail, which makes holes on the leaves, as a
result, the plants withered up. The orchid is usually damaged during cultivation. In
addition, gray mold, caused by Botrytis cinerea, is one of the most destructive
Phalaenopsis orchid disease and is responsible for significant pre- and post-harvest
yield loss.

For these serious problems, the best strategy to control the infection of snail and
gray mold disease is the development of pest- and disease-resistant transgenic
Phalaenopsis orchid plant. Thus, transgenic expression of resistant genes in plants is
an appealing methodology for introducing resistance to pest and disease.

In this work, therefore, we have cloned the venom and chitinase genes and evaluated
the effect of the transgenic expression of the genes on the protection of cultivar
against snail and gray mold disease. Increased plant tolerance toward pest and fungal
pathogen through the expression of heterologous genes whose products have resistant
activity is a valuable alternative to produce the cultivars resistance to pest and disease.
In conclusion, our results showed that the constitute expression of the venom and

chitinase in transgenic plant is an effective strategy to provide protection against pest



and disease, facilitating the large—scale cultivation of Phalenopsis orchid plant.

M. Contents and Scope of the Research

The present work was performed to develop the transgenic orchid plants by the
cloning of resistant genes against pest (snail) and gray mold disease (Botrytis
cinerea). For this purpose, the novel pest- and gray mold disease-resistant genes that
contain the venom gene from Pyrocoelia rufa and the chitinase genes from Araneus
ventricosus and Apriona germari were intordiced into plants by
Agrobacterium—mediated transformation. The introduced genes were expressed in
transgenic plants. Finally, we have evaluated the effect of the transgenic expression of
the genes on the resistance of transgenic plant against pest and disease.

This work are based on the following content and scope:

1) Cloning of resistant genes against pest and disease,
2) Development transgenic plants using the resistant genes and evaluation of the

trangenic expression against pest and disease.

IV. Results of the Research and Suggestion for the Application

Part 1. Cloning of resistant genes against pest (snail) and gray mold disease

(Botrytiscinerea)

1. Construction of ¢cDNA libraries and cloning of resistant genes

Construction of cDNA libraries were prepared from the whole body of Pyrocoelia
rufa, Apriona germari and Araneus ventricosus. Sequence analysis of randomly
selected clones harboring cDNA inserts was performed to generate the ESTs of 58
clones from P. rufa and 385 clones from A. ventricosus. Of these ESTSs, one exhibited
similarity to the reported toxins and two did similarity to the known chitinases.

1) P. rufa PrNT cDNA: We have cloned cDNA encoding toxin from the firefly, P.



rufa. The 258 bp cDNA encodes for 54 amino acid residues. The deduced protein of P.
rufa toxin gene contains the eight conserved cysteine residues. Alignment of the
deduced protein of P. rufa toxin gene showed homology to venom toxins from Nagja
kauthia, Naja sputatrix and Naja atra. In genomic structure, The PrNT gene spans 456
bp and consists of two introns and three exons.

2) A. germari AgChi cDNA: A gut-specific chitinase gene was cloned from the
mulberry longicorn beetle, A. germari. The A. germari chitinase (AgChi) gene spans
2,894 bp and consists of five introns and six exons coding for 390 amino acid residues.
AgChi possesses the chitinase family 18 active site signature and two N-glycosylation
sites.

3) A. ventricosus AvChitl cDNA: A fat body-specific chitinase ¢cDNA was cloned
from the spider, A. ventricosus. The cDNA encoding A. ventricosus chitinase (AvChitl)
1s 1,515 base pairs long with an open reading frame of 431 amino acid residues.
AvChitl possesses the chitinase family 18 active site signature and one
N-glycosylation site. The deduced amino acid sequence of AvChitl cDNA showed 43%
identity to both Glossina morsitans morsitans chitinase and a human chitotriosidase,
and 30-40% to some insect chitinases which lack both the serine/threonine and chitin

binding domains.

2. Expression and characterization of resistant genes

1) P. rufa PrNT: Northern blot analysis revealed that PrNT gene is specially
expressed in the epidermis and venom gland of P. rufa larvae. The recombinant PrNT
with a molecular mass of 14 kDa was purified from the recombinant baculovirus
(AcNPV-PrNT)-infected Sf9 cells. The purified recombinant baculovirus PrNT was
identified as a single band of 46 kDa by SDS-PAGE and confirmed by Western blot
analysis using the antibody of His-tag.

2) A germari AgChi: Southern blot analysis of genomic DNA suggested that
AgChi gene is a single copy gene. The AgChi cDNA was expressed as a 46-kDa
polypeptide in baculovirus—infected insect Sf9 cells and the recombinant AgChi showed
activity in the chitinase enzyme assay. Treatment of recombinant virus-infected Sf9

cells with tunicamycin, a specific inhibitor of N-linked glycosylation, revealed that
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AgChi i1s N-glycosylated, but the carbohydrate moieties are not essential for chitinolytic
activity. Northern and Western blot analyses showed that AgChi was specifically
expressed in the gut; AgChi was expressed in three gut regions, indicating that the
gut i1s the prime site for AgChi synthesis in A. germari larvae.

3) A. ventricosus AvChitl: Southern blot analysis of genomic DNA suggested the
presence of AvChit] gene as a single copy. Northern and Western blot analysis and
enzyme activity assay showed the tissue-specific expression of AvChitl in the A
ventricosus fat body. The AvChit] cDNA was expressed as a 61-kDa polypeptide in
baculovirus—infected insect Sf9 cells and the recombinant AvChitl showed activity in
the chitinase enzyme assay using 0.196 glycol chitin as a substrate. Treatment of
recombinant virus-infected Sf9 cells with tunicamycin, a specific inhibitor of
N-glycosylation, revealed that AvChitl is N-glycosylated, but the carbohydrate moieties

are not essential for chitinolytic activity.

3. Suggestion for the application

The Results of A. ventricosus chitinase (AvChitl) is published in SCI journal
(Comparative Biochemistry and Physiology 2005). In addition, the Results of A. geramri
chitinase (AgChi) is submitted in SCI journal (European Journal of Entomology).
Genetic informations of P. rufa, A. geramri and A. ventricosus were identified from

this study and they would be useful.

Part 2. Development transgenic plants using the genes against pest (snail) and

gray mold disease (Botrytiscinerea)

1. Expression and charaterization of resistant genes from insects and spider in plant

P. rufa toxin gene (PrNT) and A. ventricosus chitinase gene (AvChi) were
transformed to Arabidopsis using infiltration method. After transformation, homoline
was cultivated in MS plate containing hygromycin 50 mg/L for two generations. The
transformations were screened by PCR using gene specific primers and Southern blot
analysis. Northern blot analysis showed only the signal bands in transgenic plants

transformed with PrNT and AvChi but not in control. The Arabidopsis transformed
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with PrNT showed no difference compared to the control in rearing, but the
Arabidopsis transformed with AvChi grew faster than control.

Western blot analysis showed the AvChi was expressed as a 61 kDa polypeptide in
the transgenic plants using the antibody of the recombinant AvChi and transgenic
plants transformed with AvChi showed activity in the chitinase enzyme assay using
0.196 glycol chitin as a substrate, suggesting that AvChi is well expressed in the
transgenic plants.

Transgenic plants with AvChi gene was tested against Botrytis cinerea after
infection, as a result, the transgenic Arabidopsis showed the resistance against Botrytis
cinerea. For these results, it shows the possibility to use the AvChi gene from spider

as a resistant gene against plant disease for a transgenic plant.

2. System construction and development of transgenic Phalaenopsis orchid plant

For development of transgenic Phalaenopsis orchid plant, PLBs of Phalaenopsis were
maintained on hyponex medium supplemented with 30g/L of potato juice, 0.5g/L of
activated charcoal, 200.5g/L of sucrose and thiamine. For the plant transformation, the
sected PLBs were co-cultivated for 20 minutes with Agrobacterium which contains
binary vector, pCAMBIA, harboring PrNT gene and AvChi gene. After transformation,
they were transferred to the same medium described above with 200mg/L of
carbenicillin. Newly—formed PLBs were put on meduim supplemented with hygromycin.
The transformations were screened by GUS assay, then they were confirmed by PCR

with gene specific primers.

3. Suggestion for the application
The result of transgenis plant is ready to submit to SCI journal and we confirmed
the system construction and development of transgenic plant. we expect that the

transgenic plant may be useful for control of pests and gray mold disease.
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g ool 7S o] A dlo] wEkse Aol vEhdal glow, @sgelrt 7]o thd
o= @¥eol=5Y u2 JAd =do A3 FE7HA AstE et e Al
g0l Eel7t o= ofF e HeHa i e ddor % 5o Wol A%
A s Ao

webA] f AR Sl SR A AN &3] dA ks @ufelsl Fgold o7
gafol g AFEE 7HA= dEAS sHJGE Mdstuat s B o Vs 9l
ole] A =utulEole a4 A wFolE walshs ZldokA FAAE SR s
of =S T FEAAANA WelT AR =HHe st st
A2 A BAs (@87 R AL FFo|H) WAS AT A

= A
TF 9 AVERE YelE BAS 99 A% FAAT AEaIsIste] $4 el
]

oA st e, =3

i)
o
>,

2 J)"lotAl 34 FAAE @FAsH7] 9t Bu-ehE(Apriona germari)r
7n aEar Aol A A4S A
st APE AEES 4 dRE 913 cDNA FdA-3 A 2ol A5ttt

Lt cDNA 2k Azt 81 f424 2d w2 (ESTs) 24

AT AbgE 25 2 Avl= cDNA FAASAE Asty] fste] fake] whs)
o] SV total RNA Isolation System (Promega Co.)S ©]83}9] total RNAS #7353t
total RNA®] =2 =A3 o] 500ug =S 221 poly(A) Quick mRNA Isolation Kit
(Stratagene Co.)E ©] &3l oligo(dT)-AZ29 2~ A=ZnE 1830 9& mRNAS #
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g F A9A FEE F435e] 5 g9l mRNAE cDNA FHA28 Azl ARt
cDNA F4ax&3 AZS Y8l Stratagenert (CA, US.A)2 Uni-ZAP XR Vector Kite}
Packaging Extract® A}&3l¥ =4, WA poly A+ RNAZHH Xhol linker primere} &7
Al EAE o] &3sle] cDNAS Hutddog wEQth aelxn A& EcoRl adaptor®
2N F A a s Xholo 2 Aeelal size fractionatione A #ga A7]9 gk
S H3slk o213 cDNAZ Uni-ZAP XR vectorol 4 A7 bacteriopage A Ej7} ¥ =
= coat protein®Z packagingdt®l cDNA FAA23& AZstz 7] F=H E(XL1-blue
MFR ’ strain)Wloll 42171 § cDNA 5285 AAsta ols A9e vz Tt &2
Ao ALg3Htt. ol# A AA3F cDNA phage FHAAL3-ES in vivo excision WH S
o]-&sto] Zetxwl=st g F Qoo FES Awtste SUd ke 3EY F E wUIo
EAstaL 7]1E dolHWol 28 T8 s Aol g% FHAE

H 8 & (expressed sequence tags: ESTSs)
A WHS st WA Jdeojg Mwsl FEo2XE Wizard Plus SV Miniprep
DNA Purification System2 ©]&3}le] £2]3 DNA.2 xg)E T3 =& T7 primerst &3
% BigDye Cycle Sequencing kit¢} €33+ & PCR (polymerase chain reaction) %¥+-&-

S #3319t PCR 2HE2 1 capillary W2]¢1 310 Genetic Analyzer (ABI PRISM)el 2

&l Ak HVIMES A3t Aoz F7IES GenBank
database(www.ncbinlm.nih.gov/blast) & E35te] A4S E43te] F4x o3& mel i

14 3k,

o4 FAA 2 J”ekA fAxe Frmd W xR B4

RSl E o9} AF7m o] cDNA FHA2gomiy F34 2d neZ(ESTs)E A
Abste] GenBank databasedl &8 HAS Fotol 4 FHASE Z1”obAl FHAeE 7+
Zkel AAede Hole AlES AdEa, BuFsisd 5 oR2NE J|RokAl 5ol A
primerg A4 3til RT-PCRE o] &3te] 7|RlolA 9 dsds YEE A5 5249
Stal AA g7 E 23S 935te] Wizard Plus SV Miniprep DNA Purification System
o o& EIH ZgAv= DNAW02 wES 44 T3 &2 T7 primer® BigDye
Terminator cycle sequencing kitg ©]-&3lo] 96°Coll A 10%, 50°Coll A 10x 28] 60°Coll
M 4T 253 WrE xS dAste] st PCR A= dae JHAAA 10,000xg=
1587 dAEels AAsta 70% oletEE AlFs oA FulE PCR AHES
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capillary ®241 ¢l 310 Genetic Analyzer (ABI PRISM)ol| ¢&] EAsle] 7| <ES AA s}
>

3 BT 238" d7IAEE NCBI, GenBank, EMBL¥} SwissProtol A A& % &
BLAST algorithm program (www.nchbi.nlm.nih.gov/BLAST)S ©]&3lo] Al FHAAES
2k vlaskith & Aol A FHe 54 FHA 9 7)RlekAl FAAtet FeAdE Hole

A ol d BHlE 98] MacVector (ver. 6.5, Oxford Molecular)E A}-&3F3
I AEE BA& 95t PAUP (Phylogenetic Analysis Using Parsimony) version 4.0
(Swofford, 2000)2 A}-& 3} th.

o A FA4 R 9ok fAAY W W B 24

1) Total RNA 2] ¢} Northern blot 4]

SRSl Eo] H4 FHA] PINT, BuFstss 5 ZIdobAl AgChi B AHbAT 7]
dobAl  AvChizt @d¥e =4S ASH] 98kl P orufa A germari B A
ventricosus®] @M 74 (Zeiss, Jena, Germany)< ©]&3te] sjEE AA, 23S AFHsS T
P. rufa® 56 £9, AWA, 4 28 548, A germari=FH 33, AWA 121
T4, A ventricosusZH-E AWA, T, A ggla 59 E s Z7ke] e
H 27L& PBS (140 mM NaCl, 27 mM KCl, 8mM NaHPO,, 1.5mM KH:PO,; pH 7.4)
LMo 23] Mol 3 Total RNA Extraction Kit (Promega)S ©] 83t 2+ %2 o 2 HE
Total RNAS #7399t Total RNAE glyoxylation ¥5 (McMaster and Carmichael,
19770 298] WA A 7)1 nylon blotting membrane (Schleicher & Schuell, Dassel,
Germany)oll &2Al A, membrane?} Z}7te] probe®} ¥/ hybridization €< (5% SSC, 5x
Denhardt’s solution, 0.5% SDS 223 100 gg/mle] WA salmon sperm DNA)e| ¥o] 42
Col A hybridizations 2 A8ttt PriNTE 258 bpel ¢cDNAZ, AgChid A% 1,173 bpYy
cDNA, 7183 AvChi® 7% 1,296 bpe] ¢cDNAE [a-"P] dCTP ( A mer s ham,
Arlington Heights, IL)¢} Prime-It II Random Primer Labelling Kit (Stratagene)< ©] &
3lod labelling 3t probe® A}-83}%th. Hybridization ¥, membrane< 65°Coll 4] washing
£ (0.1% SDS 183l 0.2xSSC)ell 304 3% washing 3F3 X-ray filmel|l =% A Z T,

2) Genomic DNA®] 34

P. rufa 52 F4AQ PrNT$} A. germari % 719 olAl AgChi®l Genomic DNAZ]
TEENS 95 P orufadt A germariz 58 Wizard™ Genomic DNA Purification
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KitE A}E3}e] genomic DNAE #3332 Fdx 5] primer (PINT-F: 57
~ATGAAAACTCTGCTGATT AAAG-3" and PrNT-R: 5" -“TCACGAGTTACACTTATCACT-
3" for PrNT or AgChi-F: 5" ~ATGAAGGTTACTACACTGTTTC-3" and AgChi-R: 5°
-TTAGTTATCTAGTGTTTT CTTA-3  for AgChi)E AZ3lal Pre-Mix (BioneerAhell P.
rufa Genomic DNA$®} A. germari Genomic DNAE 279 primer 0.1-05 uM& ¥&

DNA Thermal Cycler (BioneerAh) = 94°Coll A 30%, 48°CollA 40% 28] 72°CollA] 2
353 HEZAE A3t AT PrNT 456 bpet AgChi®] 2,894 bp PCR 4t
4T & HAAA 10,000xg=2 15837 AAREE AASZ 70% det&=2 Al &3t}

g7 #=ul8 PCR AHE2 1% agarose gelol A7|gEste] BAstn G7|d E4S 9

e oo
fo X

i

9
o

=
gled pGemT vector (Promega)ol & =43} BigDye Terminator cycle sequencing kit<

olgstel §rIMAS BAsAh

|

3) Genomic DNA 8 % Southern blot 4

Anl 7 ”olA] FAA AgChi®t AvChi®l Southern blot 48 95t A germari®
43+ A ventricosus® AW A ZHE Wizard™ Genomic DNA Purification KitS A+-&3}
o] Genomic DNAE #&dtal AgChi® AF A$FaA Apal, BanHl 1813 HindllE,
AvChiel A% AlstE s EcoRIF HindlllE A @ sle] T st A7) 1% agarose geloll Z
719 %332 ¢#H3E DNAZ nylon blotting membrane (Schleicher & Schuell)oll & 2HA|
7 AgChi 1,173 bpe} AvChi 1,296 bp cDNAZE probeZ3}o] 42°CelA] hybridizations 4
A8t th. Hybridization %, membraneS 65°Coll 4] washing &9 (0.1% SDS 181
0.2xSSC)ell 30%4 33] washing 3t X-ray filmo| =%A A}

4) ZFAENE B A xS vkl 2 A&

50 FHA PrNT, 71910l Al AgChi 28] AvChitle] A= 9@z s TtE7] 98
o HlF=Znrlole] 2=l Autographa californica nuclear polyhedrosis virus (AcNPV)E o] &
3t th. WA, Spodoptera frugiperda IPLB Sf21-AE (Vaughn et al., 1977) clone 9 (Sf9)
TEZAELE 10% fetal bovine serum (FBS; GIBCO BRL LIFE Technologies)E %713
TC100 ¥iF<} (GIBCO BRL LIFE Technologies)2 Yo 27°ColA O'Reillyd] WHel w
g} wjokatsith. Wild-type AcNPV$ A %3 AcNPVsE Sf9 25 A E] 79 AA AL&3
A, vlelHy 2~ FE+= ml 9, plaque forming units (PFU)S 2 e T

ztzkel FAAES Aol E el pBACL (Invitrigen)¥ pBacPAK9 (Clontech)ol E&4
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stk PINT® 74, 25 85719 ofnwibs 7HA=d B s A, s s A
o] 8-9 kDao & W9 oS FEHSIL AAE A7 His-Tags 7F pBACIel
F2Y3dtt 229 & u Alg" Ad &4 BamHIZ XholS A de] pBACIel 4t
13t pBACI-PINTE ®bEfith. 12]ar 7]&lobAl AgChi¢t AvChi= A|fr&s EcoRI%
Xhol 1813 Sacl¥®} Kpnl& Z}7z} A glsle] pBacPAK9ol 4d3te] pBacPAK9-AgChiot
pBacPAK9-AvChiE THEAth. o224 Add A 7l FHAEL AcNPV polyhedrin
promoter dtell At}

Az3 wWEFzZuele] 28 WE7] 935te], 35-mm A EME plated] 1.0-1.5x10° 742 A
X5 FH)ste] MAE7F plated] & BEE IAZE S 27°Col A wfSEtsith. pBacPAK6
viral DNA 1 g A& 9 J"HolAlE  AYs  HojwE, pBACI-PrNT,
pBacPAK9-AgChi % pBacPAK9-AvChi¢ plasmid DNA 5 g Z+Z 20 mM HEPES &
Aol 50 w7k HA E@dera 50 we] Lipofectin'™ (100 pg/ml, GIBCO BRL LIFE
Technologies, Gaithersbug, MD)& DNA &3tdlo] Ho] 2 4o Ao 3083 WX &A
t}. o] Lipofectin-DNA &S 6-well plate?] AE wjgde] ¥y Ao Sf9 AEXE
serum-free TC100 wjFd oz 23] Aol & thAl 1.5 mle] serum-free M FHS il
o719 Lipofectin-DNA &3t} 2 4jo] o] 27°Col A 5AIZE Fetk v -, 10% fetal
bovine serum (FBS; GIBCO)E &#38 TC100 #IAE A 2o] Zo} Wo] 5UZL 27°Col A
ksl 5Lz vl F wgAS =ASEe] 2000 rpmoll Al 5EZF QAR E A A 5l
FsANs FASIY plaque assays AAIS wj7hx] 4°Ceol RAsATE 6-well plateol
1.5x10°7 2] Sf9 MEES Zu])slal plaque assayS A A5 A ZF wEFzZulolg~s Al
ato] Azt wEzmuloly 2o S B ddd] A&

5) Polyclonal antibody A% @ Western blot &4

A A S 9sle] SDS-PAGE gel2 48 ey dwld wi=S 28 %9 Freund's
complete adjuvant (200 ¢, Sigma)®} E3ste] Fo FAEAY. gl 159
antigens¥ Freund’s incomplete adjuvant (200 pf, Sigma)E =&3sle] 33 19 3H4
2 FAYSEA wpA Ul FAL &3 Ho HAREEH JE B 10,000xgol Al 587 AR
stol 45 FE3ko] Western blotel]l AFg-sk3it.

Western blot&  9sle] w@wldS 10% SDS-PAGEe] 7|9 %&Esta wias
nitrocellulose membrane (0.45 pm pore size)ol blottingd} it . BlottingdF %, m o

1% (v/v) BSAe°l] AL2o|x 2A7F Bt AAA 7)1 thA] A2 PrSP aHA] (1:1000 v/v)eol

O

embrane~
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Ao A 1A = XA AT, 183 memgraneS TBST (10 mM Tris/HCl, pH 8.0,
100 mM NaCl, 0.05% Tween 20)° washing3d}lil anti-mouse IgG horseradish peroxidase
(HRP) conjugate®} HRP-streptavidin =3%&9] XAt} Membranes WHE-3le] TBST
bufferell washingd %, ECL detection reagents (Amersham Pharmacia Biotech)$} Hk-$-

A 713 X-ray filmell =3 A Zt}

6) 7I”lotAl &4 =4

ZIRlobAl &4 Trudel?} Asselin (1989)¢] ol we} SDS-PAGEE ©] &3ttt

%, gel= 150 mM sodium acetate £ (pH 5.0)¢ 5&3F 182121

S gels 8 ¢l 283 0.01% (w/v) glycol chitin (in 100 mM sodium acetate & <}

(pH 5.0)& 33 75% polyacrylamide gelS THeo] Y=t} o] geld 37°ColA 1A 77}
7

g onl2x ¢rE ukA|ZIY HkE 5 Iytic zoned UV-illuminatorol A #elslar ARx

7) Tunicamycin *]#

AgChi % AvChi 7]®lofA| 9] o}n| =2t 2o Zad ¥ 7} (Hasemann and Capra, 1990)
FYel detdesd, ZFAE wEA, FHAFIHE ] fstel QxS wEZbkel
AcNPV-AgChi ¥ AcNPV-AvChiE # A7 &5 A3 tunicamycin (5 uxg/ml, Sigma)
S Agsgdrt. BBmm AT plated] SO 1x10°7) ZFAHEE FHET mock-,
WtACNPV, A %3 vlol#l 2~ AcNPV-AvChi E+ AcNPV-AgChiE Z7F HA71aL 24
28 27°Coll A w3 3 5 pg/mle tunicamycing 3F3t= TC100 wjkH S A Zo] 5 ml
Aol Foh 27°CAlA g F, ZFAHE lysateE 24, 48 1|31 72A]7Fe] RolA]
0.01% glycol chitin & &3 10% SDS-PAGEZ A A]&}e] lytic zones UV-illuminator
shol Al &1ttt (Trudel and Asselin 1939).

ik

m&

2. 4% b1
7. cDNA 12238 Az 9§12 ¢d w8k (ESTs) 44
A Z+a cDNA library® titer2 =43 A3 oF 1.3 x 10° 7§ ©]49] plaque®] &A1&}
Gom, cDNAQ Ax3F H&S dolrR7] $3t9 o] phageE E. colidl #HIAN F
X-Gal¥} IPTG7F #7Fe NZY uj Aol Al wiFst A3} 98% ]9 palque®]l cDNAZF =4
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¥l A 23 phage plaqueo = FJAHATE FAE] ¢ oF 10%e] 7S FH27F UL
o]F oF 15%%to] AE A ENA FEHoRE WY 3 AFEW A% abundant LF
7 orare 1F°] EA%T 2929 FHAE AR 159 s, o] H&S 2 A
Z+z¥ol Ao A€ u] AZE cDNA libraryeE AZo] A& go=z ZAstE poly
A+ RNAZFS E5F xoshs Zoz A5 Al%E cDNA libraryol A e o] A
H cDNA #7IE d3ly] st F2Y =2 M@ phageE in vivo excisiond}o]
pBluescript SK 7 38} 91t}

P. rufas} A. ventricosus 52 cDNA FHAF8o A F29 2 in vivo excisionS 9|
g3lo] A& g elol FRYZRE DNA 971449 A4S 9 So2n= DNAS £
At A714E EAE 918 primers A% cDNAOl 243 2= T3 primers AH&sHA
1 one capillary 219 310 Genetic AnalyzerE Atg3to] ¢cDNA 97|98 AAd AT
P. rufad A9dlE= 5 5470 18]3 A ventricosusd 7A-9-olE 385708 FEA 2
FAz mE®x (BESTs)E AT 4 Ao FEvbth et 250 bp o4 d71XLEs
53 = ARl #A53 A7 AEL GenBank databasedl A 7] &R §-AApolo
A AMe E3e P oryfa cDNA FRAALYANA =4 FHAE a8 A
ventricosus®] cDNA FAAL&gPo2RE J|eola] FHAAZS MLt dH A
germari® total RNAZ Y B gene specific primerE ©]&3 RT-PCRES F383te] 7|Elo
Al FAAE st

Table 1= P. rufa cDNA fFAX2Po2RE A
E Rt 54719 ¢cDNA &2 F, 24717F &2 2% #4d &
7|0 4zl e Fof nihlEolete AEAdS Holx gty ga o
A FAA F, oF 46%7F 2ute ek A
22 ddgo] UAE 93 FAXE MAEsR =, ESTs 5, GenBank database©l A

ARkt e Bolv S A48 Adste & dds s3SI

-
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Table 1. Summary of the expressed sequence tags isolated from the cDNA library of

the firefly, Pyrocoelia rufa

o . . Overlength Homology
Clone Putative identification Species (bp) (%) Acc. No.
PR1-10 CoA-Ddehydrogenase Homo Sapiens 572 63 AT003771
PR1-15 Troponin T Drosophila melanogaster 476 81 AT003772
PR1-27 ATPase synthase 6 Limulus polyphemus 103 88 AT003773
PR1-36 CG3981 Drosophila melanogaster 443 51 AT003774
PR1-38 Integral membrane transport Homo sapiens 101 84 AT003775
protein
PR1-43 ATPase subunit E Manduca sexta 542 63 AT003776
PR1-82 RNase L inhibitor Homo sapiens 278 88 AT003777
PR2-19 Unconventional myosin-15 Mus musculus 323 37 AT003778
PR2-21 CG3981 Drosophila melanogaster 257 53 AT003779
PR2-60 Sodium channel alpha Homo sapiens 308 41 AT003780
subunit
PR2-79 Chitinase Aeromonas hydrophila 113 60 AT003781
PRX-1 Core 1 UDP-galactose Mus musculus 326 51 AT003782
PRX-17 Helicase-like protein Arabidopsis thaliana 131 54 AT003783
PRX-19 Non-functional subunit Homo sapiens 389 42 AT003784
binding protein
PRX-20 Integral membrane subunit Aedes aegypti 125 80 AT003785
PRX-21 Annexin Bombyx mori 374 64 AT003786
PRX-29 Carboxypeptide Astacus astacus 221 60 AT003787
PRB-1 CG3884 Drosophila melanogaster 413 67 AT003788
PRB-6 Myophilin Echinococcus 293 74 AT003789
multilocularis
PRB-17 Male specific serum Ceratitis capitata 254 49 AT003790
polypeptide beta
PRB-26 Serine protease inhibitor Schistocerca gregaria 89 56 AT003791
PRB-32 Alpha L1 nicotinic acetyl Acheta domesticus 74 72 AT003792
choline receptor
PRB-37 Histone H3 Drosophila melanogaster 320 99 AT003793
PRB-61 Phospholipase A2 inhibitor Oxyuranus 227 44 AT003794
microlepilepidotus
PRB-73 Sodium/Potassium Ctenocephalides felis 524 92 AT003795
exchanging ATPase alpha
subunit
PRB-74 Ribosomal protein L27 Mus musculus 404 72 AT003796
PRB-76 Endothelin-converting Bos taurus 380 68 AT003797
enzyme
PRB-81 Myophilin Echinococcus 293 74 AT003798
multilocularis
PRB-85 Phermone binding protein Choristoneura murinara 173 55 AT003799
PRB-90 Isopenicillin Nsynthase Streptomyces cattleya 170 48 AT003800
PRB-92 Serpin Oryza sativa 203 57 AT003801
PRB-94 Nucleolar protein p40 Homo sapiens 95 84 AT003802
PRB-99 Elongation factor 1-alpha Nanexila gracilis 227 94 AT003803
PR13 CG3950 Drosophila melanogaster 137 65 AT003804
PR65 Tropomysin I Drosophila melanogaster 164 54 AT003805
PR113 Reverse transcriptase Caenorhabditis elegans 93 49 AT003806
PR126 Easily shocked protein Caenorhabditis elegan 227 74 AT003807
PR241 Ubiquitin Sus scrofa 203 85 AT003808

_32_



Table 1. Continued

Clone Putarive identification Species Overlength  Homology Acc. No.
(bp) (%)

PR242  Myosin II essential light chain Caenorhabditis elegans 440 80 AT003809

PR326 Nerotoxin Naja atra 69 42

PR768 40S ribosomal protein Xenopus laevis 581 89 AT003810

PR770 Glycophorin-binding protein Caenorhabditis elegans 239 48 ATO003811

PR824 40S ribosomal protein Drosophila melanoganster 425 85 AT003812

PR826 Mitochondrial outer Saccharomyces serevisiae 99 62 AT003813

membrane protein

PR884 Peritrophin-95 precursor Lucilia cupriona 113 60 AT003814

PR951  Cytochrome p450-like protein Bacillus subtilis 143 39 ATO003815

PR972 783216 Caenorhabditis elegans 239 47 AT003816
PR1183 RNA helicase Drosophila melanoganster 287 95 AT003817
PR1310 Endothelin converting enzyme Rattus norvegicus 188 49 AT003818
PR1421 60S ribosomal protein Drosophila melanoganster 323 46 AT003819
PR1429 60S ribosomal protein L15 Chironomus tentans 257 48 AT003820
PR1439  Phermone binding 143protein Popillia japonica 188 53 AT003821
PR1441 Myosin light chain II Drosophila melanoganster 407 74 AT003822
PR1505 40S ribosomal protein S19 Gillichthys mirabilis 143 64 AT003823
PR1512 Cytochrome b Rhytidoponera sp. 140 89 AT003824

Table 2+= A. ventricosus cDNA FAAS-Y 2 HE AL cDNA F29] HdfFAx n
RE YehE=d, & 385709 FEorRE A7|AES AASI GenBank databased]
TEE tE iX}Q} ofn| =it o 7 Westo] FEAds AMetslth 385719 28 %, 383
M7t 5E FHAS deds Bdon 53] 241709 2E8(626%) =S Hedes
ATH 3B FE T 689 FEE TFI FEAHS B oF 824%7F ZupElolA Bt
7 ke AR Ao w AzbEol v elal B EF AR A EoA WA U
U= F42 = 53 HY A8 5429 ribosomal proteine] Eo] Eelwglon HAE
2 T UEAA Yeus AEE AbEE A3 of 53719 28, 5 138%7F tE 28
B A S BTt (Fig. 1). o A. ventricosus cDNA fFaA&3g o] 28 42 ma i
SolA A EBolH S WAlsy] 9% HAHow oAl FHAE AdWste] X ATE
zl ey st dvt
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Table 2. Summary of the expressed sequence tags isolated from the cDNA library of

the spider, Araneus ventricosus

1L ypou LLnuI
xctor pathway inhibitor 2
xctor pathway inhibitor 2
roteinase inhibitor

GG13748
1voyl tetrahydropterin

synthase
Gytochrone b
Apoprotein A2
roteinase inhibitor
1bosomal protein S23
0sonel protein $4
)P/ATP translocase
chol 1,2-dioxygenase
ke growth factor-binding
rotein 1 precursor
BGDS00180.8
biscle LIMprotein
glycerate dehydrogenase

LEK1

Vngl8%Hc
Jer against cell death 1

FA6HD.7

Vir Bl1

\Facetylglucosaminidase
winterferon inducible
sonel thiol reductase
118 pighentosumgene

Homo sapiens
Mus musculus
Sarcophaga bullata
Dyosophila melanogaster
Rattus norvegicus

Ghprotermes brevis

Dyosophila melanogaster
Acinetobacter calcoaceticus
Rattus norvegicus

Dyosophila melanogaster
Epiblenu scudderiana
hza sativa
Mus nusculus
Halobacteriumsp.
Xenopuss laevis
Caenorhabdlitis elegans
Aeropyrumpernix
Mus musculus
Himo sapiens

Mus nusculus

100

129
63
162

25

ER

81
245

138

153
247
108
351
117
180

168
171
180

60
67
66
8]
75

80
49

59
88
44
78

38
57

45
&7
60
52

3
9
A4
49
66
51

46
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Table 2. Continued
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/63
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Table 2. Continued

x) Bsnabnan Coohhiisdegrs
3P @B Doghilondargsta

syrfreselll
2 HIJ2Z0 Hnospias

1

28 Haatinllepcan Doghilondargsta
20  Hpoticd paanCGADL1 Caohhdisdegrs
Ay Glahaneb laadchaxlans
2l @o Doghilondargsta
25 Hogtionkdosldin egyprprls
PaY) )63 Doghilondargsta
X Reddedumrplexem Fodnfdayrnim
B8 RitnegmrAypericiagism OxAIlA
Y (diredhydogrese Rusnnegas
P "Brpcankrese Ghsglhs

SEEBREBREc
BEDDRA S

S Y E
D & &y

ZOIRS ST RRIBaB
BB A AN DEDIRS NS

_36_



Table 2. Continued
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Table 2. Continued
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Table 2. Continued
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B Mgzl Dheneigas
42 DideeR¥aaxe — Rwidotigom
KD tygihin Mbrmsaks
z| @4 (Geoldlisdas
45 oGy Glhsglts
477 HpfticlpaanB$4 (Geoldlisdas
%35 (i Aenas
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A T Rtusionegas
44  Reddohaepdn — (idnaethihiam
ol Y
K

Kb

£5

KD

il
Hi

R RBRBUY D RRARDIDADLDHEDEIRRKR B!

_39_



Table 2. Continued

3 BEYBE HYEUHEREEERRZZIZREBIS

\ETTREN
Hpeticd poian(ZBHR 1
Hpteticd panB R
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nddin
RiickoehrondeD
Hyuivicl o X6
Tirsiondozion
Jutcindhd
Reivehisae
Anjol6dumsidse
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Batapiciese 10
Yhfi77
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Manaoatesfeatign
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Table 2. Continued
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Table 2. Continued

3D Va\ v/ Awdonana alogoems b)) R
W Gedinddathppn Mbrmsals B %
Bl HuldcpBHES —— Gookbiisdgs = D D
¥  Huodpasl Rswboflgmm 26 4
pi s B Gilnbommbs 13 B
W Mol Hovlquis 6
W Hainllen Doliodugse 2 W
49 Sitpoein Doliduegse 5 &
40 A9 Avtwdagois 18 %
¥ (tch [viowio p S
! w3
45 6 &

350 T 33

300

Number of ESTs

. Hﬁﬁ [1c

0 1 2 3 4 5 6 7 8 9 10

Number of redundancy

Fig. 1. Frequency distribution of ESTs showing redundancy in 385 clones. The number

of the EST clones is given above each bar.
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P.rufa® 2 FAA i ALk Sl AEE S4 dd fAAe] AA A

dE 24 23, cDNA 971492 258 bpoli 85719 ofm|iibo g o] Folx] 9lom

(Fig. 2A), GenBank database ‘&7 Aol A W (Naja kauthia, Naja sputatrix 2 Naja

atra) toxin AR} =& AEALS BT oS PrNTzZ HHsd F1g 2Bol A HE=

A 2ol ofu gt vl A T2 FFH Woll A L 53 =L AEHS dERE,

53] 8709 Cystein Fdo] & HEH QI ol Hi 731}01]/\1 = yehe
_10_,_ [e]

al
disulfide 7&%‘% b= 8% 98 ﬂ{— H71dE o Al o= 871 Cystein <
g}

1 [ATGAAMACTCTGCTGATTAAAGACGGT GCATCTTTGCAATGT TACACATGTGOCTOGCCT
1MKTLLI KDGASLOQCYTCASTEP

61 GAAAACTOCCTGIGOGGTOBOGAAT TCAGT TCT TOCAAAGTACOCACOCT OOCATGOOCA
2l ENSLCGREFSSSKVPTLZPCTP

121 GGAACGGATAGCGTATGTAT TAAGEGAAAAT CGAGAGT GBEGEGTGATAT TATGGTCACG
41 G T DSVCI KGKSRVGGDI MV T

181 AGAACATGOGGAACACATTCTTCATGOCAAT TATTTGAAACCT GOCAAGT TTGCACAAGT
6l RTCGTHSSCQLFETCOQVCTS

241 CGATAAGTGTAACTCGTGA
81 D K C N S *

PrTox 1 MKTEL kpGA[SL]a[Ely T cA sP EN|s L[Cc R[E[F[SS]s kv 34
Naja kaouthia 1 Tlelv k|EKIS[L Fav 12
Naja sputatrix =~ 1 MKTLLLTLLVV CLDLG - Y[TlL|E 33
Naja atra 1 KTLLLTLLVV CLDLG - Y[TL|E 33
Priox 35 P[T|L Plelp TD GK S[RVGGD - 65
Naja kaouthia 13 E b[c|p v R 45
Najasputatix 34 T olefs DHR Y R 63
Naja atra 34 T G|C|S DHR Y R 63
[ ]
PrTox 66 Hss[elaL FET]- - - - - ¢lav[eT s KICN|s 85
Naja kaouthia 46 cP|i A E[NJR D V[T|E|c|- -|cs[TDkicN[L 65
Najasputatix 64 - - -[€P|sv KK G E[l|Nfe[- -|cT T DREN|N 83
Naja atra 64 - - -lcPk[sv kNG E[IN|g- -[cT T DRECN|N 83

° [} [ ] ®

Fig. 2. The nucleotide and deduced amino acid sequences of P. rufa toxin homologue
gene (PrNT). The start codon is boxed and the termination codon is underlined (A).
The deduced amino acid sequence of P. rufa toxin homologue gene (PrNT) is aligned
with Naja kauthia, Naja sputatrix and Naja atra toxin genes (B). The eight conserved

cysteine residues are marked by solid circles.
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Ars Wl 54 fFaAs3 dubdos 40% ol AEAde Weldw, N

-
kauthia®] 52 FAA} 4% 2 7Y =& F5AdS ZAh

2) P. rufa 4 #7429 genomic DNA +% &4

PINT 524 F4A9] genomic structure® &old 7] $35to] PrNT 59| 2<l primers
Azskal PCRe F3dte] &tute] bands SHHstal Q7IMES #3lvh. 1 23 cDNA
A9 coding 9GS 100% &&= e I genomic TFE Fig. 39 YEMIATL
Genomic DNAE MAlZ = FAFA=E7A] 456 bpel G749 = 2709 intron¥} 3719
exonl. 2 FATE Qo (Fig. 3A), exon-intron®] AA G YGo= RE A EA WA
slgle]l YEFYE intron 579 GT 223l intron 37 9] AT7} d&S A9t (Fig.
3B). W =2 FHAAA BojxE B 7Ho cysteine ZH7]E exon 29 30 I BEH ]

A3t

(A)
ATD TdA
1 L [ ] VR s 455
Exea 1 Lintwaen 1 Exim 2 Intren 2 Exan 2
(B)
B Y Y St v i ption
1 4 134 J.::F.l.'u..l.l.l:'rl:"n: TR et ATt
= i gt i EEEEECEE Hilf = ST, 333
1 1% K] oL i AP eRreytangtticy
AALCTEEOMEN TATTATOE - - - - = - -~ RECTOOTGA,
1 L] LR 1 ) Y g

Fig. 3. Genomic organization of PrNT. (A) Schematic drawing of genomic structure of
PrNT. Solid and open boxes represent exons and introns, repectively. Numbers indicate
the nucleotide position in the genomic sequences. (B) Length of exons and exon.ontron

boundaries.
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3) P. rufa S AR Iy @ EA 24
AAGAN A PINT B4 Ao = 249 dolny] 9t P ryns #3,

A, = 281 54 22 dH 5t total RNAS #2332 Northern blot 4S

Y
o

i

XA (Fig. 4). 1 A% %39 243 =4 ZZoA bandE &3 & e, o
AL PINT 524 §427F 399 54 Solxoz A 2 HdeE 4498 &
ot ol @ Anz FZAd, PINT 54 §34%5 P.orufa fr30 FH o2 st 9o
E Folu & v, #dHE= o AlRHo R}

Fig. 4. Northern blot analysis of the P. rufa toxin homologue gene. Total RNAs were
isolated from epidermis (lane 1), fat body (lane 2), midgut (lane 3) and venom gland
(lane 4), respectively. The RNAs were separated by 1.0% formaldehyde agarose gel
electrophoresis (upper panel), transferred on to a nylon membrane, and hybridized with
the radiolabelled P. rufa toxin homologue gene (lower panel). Transcripts of the P. rufa

toxin homologue gene (PrNT) are indicated on the right of panel by arrow.

4) P. rufa 52 AR Ax3 wEF2ulolg 2~ A 9 urg

PINT®] A, B 85709l otvlwests 7HA = Edstals Al ddss LAl
8-9 kDao.Z wde] oS S5s3I FAE AASHY] His-Tags 7F pBACLel &=
Jdatgieh 29 & o A8¥ A a2t BamHIY Xhol& H2lste] pBACIel AF<) st
o] pBACI-PINTE w53 (Fig. 5) Ax wlgZnlolel~ AcNPV-PINTE #2513
o] Az wlEEutolef 2 ACNPV-PINTE ZFAE S99 #9473 SDS-PAGE (data
not shown)Z A A8+ U mock- = wtAcNPV-2 7 Al 71 Sf93 & o]z} 919lch.
ol Ha FARe] AVIZE Ui Hoba] Ede] ool ATk LA A= HlE =t

o]y ~8 ZFAAZl ME lysate® MagneHis'™ Protein Purification System (Promega)<
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o] g&3ato] AxF TdWd PINTE &8 AAsIAo &8 ZA Axd dids 15%
SDS-PAGEE 4 A&}1L His-tag antibody (Clontech)Z ©]-&3}¢] Western blot ¥4 (Fig.
6)= AT 2 23, AR A PrNTE mock- 281 wtAcNPVE A7)
LEMAEAME GERHA ¢kl AcNPV-PINTE ZHAAZ ZFAZ AW oF 14 kDal =2
velytch dadsEe ExEe oF 8kDa ol eu, olul: O-glycosylationo] 23k Z o=

FZq0),

His-Tag

multi-cloning site

AcNPYV polh promoter AcNPYV sequence

PrNT

Fig. 5. Structure of the transfer vector used to generate the recombinant baculovirus.
The transfer vector pPBAC1-PrNT was constructed by insertion of the P. rufa toxin
homologue gene into pBACI, under the control of AcNPV polyhedrin promoter (polh).

The arrow shows the direction of transcription.

(A (B

L4 A - | &= PyINT

il
[

Fig. 6. Purification and Western blot analysis of the recombinant PrNT expressed in
baculovirus—infected  insect  cells. The  recombinant PrNT  purified from
baculovirus—infected insect cells was subjected to 15% SDS-PAGE (A), electroblotted
and incubated with His-tag antibody (B).
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t}. A germari 7)€lokAl AgChiel 54 £4

1) AgChi¢] 24 % d7|M¥E 4

42k 5] primers ©]-&3% RT-PCRE Fdste] &u g 7|elobAl #F32, AgChis
Adkatdnt. A germariZFH 224 S 7l”lolAo] A cDNAS AVIMEES #4F 4
7k, 39070 9] ofH|Aito 2 FAEH, 7]Eo] GenBankell <@ thE F]®lolA| E 39 o}n
wARS vkt (Fig. 7). AgChi= 71®€lobAl family 18 active siteo] 2 HEFH o
[LIVMFY]-[DN]-G-[LIVMF]-[DN]-[LIVMF]-[DN]-X-E (Van Scheltinga et al., 1994)¢]
active sites 7FAW o5 = N-terminal A LolA 454 obn it +2E5 7HA = A
© 3 Ko} signal peptideZ2 &L sle Aoz AZFoHTl Von Heijne's W2l u}p
29 s = signal peptide= 19914 oln]w=4kQl Ala HelA Zd Aoz Atz Er)
AgChit= 2709 4%+ N-glycosylation site® 7FA|=d 1 o] =2t A E-& 154-157H
Q1 NGSA z2]ar 241-2441 721 NATL ojth. & A rollA e AgChivs A 4HA
25 7I”otAl et 2 familyol &ste A o= ddEw BAE e Phaedon cochleariae®
gobalet 57% 2 7HE =2 dedS dEdn

AgChi®] genomic DNAQ| #+2& EX3}7] 93te] AgChi 59°]% <l primers A #slal
PCR& 335t stte] bandE SHetal @7 9S B3tk 2 23, cDNA 29 coding
S 100% a8 = Jddoern 1 A+ Fig. 8Ad YEFUH AT Genomic DNAE 7

[e=]
-
FAEo A FAIZETA 2,894 bpel AVIMLEE 6709 exond 5709 introno 2 A F o
(o]

71

3
Al

e exon-introne] AAGHE RE NAAENA W3Igle] LJEFYE intron 57 9
GT 22811 intron 3~ ¢ AT} 9SS ol

A. germari genomic DNA o AgChi A2l copy numberE @olH 7] $351o]
AgChi FAAE A=A &= AFaLE 28 3dte] Southern blotS AA AT 21 A}
Fig. 8Bell Al Hi= whe} o] 3709 A& &4 Apal, BamHI 18] 3 Hindlll o thate] 747}
single band® WEF o™ o]= AgChi 327} single copy® S-S LERHTH

2) Axg WEFEZnlo] 25 o] &3 AgChi +x7He] 2

AgChis E&8A717] f1ste] 1,170 bpel AgChi cDNAE Mg =zulelefs o] Mg o
AFQ138led polyhedrin promoter 3}ell o] pBacPAK9-AgChiS #| #slith. A% nlol g
22 AcNPV-AgChie= Sf9 ZZ A X9 wild-type AcNPV$ pBacPAK9-AgChiE& #Zo]
cotransfectionA] A FH:EFH A A ZT AcNPV-AgChiE A A7 Sf9 ZE=A X9 lysate
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£ SDS-PAGEe°l #7149 &3t 46 kDa®l A z=3 @#Ad AgChig &1ttt (Fig. 9A).
ANz AgChis BAlstel ©ld H7]g5S st &, A9 46 kDa®l bandE &%
= AdATG(Fig. 9B). AgChi FAZES o] &3 Western blot #4185 2 A)dte] SDS-PAGE<}
wpRb7FA 2 9F 46 kDa®l bandE &1 vtk (Fig. 9C). 22jar AARE Ax=g o4
AgChiE 0.01% glycol chiting 33 SDS-PAGEZ % A|&}e] chitinolytic activity=

UV-illuminator 3toll Al =438t lytic zoned A5ttt (Fig. 9D).
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Fig. 7. Fig. 1. Alignment of the amino acid sequence of AgChi cDNA with known
chitinases. Residues are numbered according to the aligned chitinase sequences, and
invariant residues are shaded black. Dots represent gaps introduced to improve
alignment. Chitinase family 18 active site signature is marked by asterisk. The arrow
shows the end of the signal peptides. The N-linked glycosylation sites are indicated
with the cross. The abbreviation and GenBank accession number for the chitinase
sequences aligned are: AgChi, A. germari chitinase (this study); PcChi, Phaedon
cochleariae chitinase (Y18011); TcChi-3, Tribolium castaneum chitinase-3 (AY873914);

_49_



TcChi-4, T. castaneum chitinase-4 (AY873915); TcChi-5, 7. castaneum chitinase-5

(AYS873916); TmChi, Tenebrio molitor chitinase (AY325895); DmCHI1, Drosophila
melanogaster chitinase 1 (QI9W5HUS3).
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Fig. 8. Genomic organization and copy number of the AgChi gene. (A) Organization of
the AgChi gene. Numbers indicate the position in the genomic sequences. (B) Southern
blot analysis of A. germari genomic DNA for the AgChi gene. Genomic DNAs were
digested with three restriction enzymes, Apal, BamHI and Hindlll, respectively, and
hybridized with radiolabeled AgChi cDNA. Size markers are shown on the left. Open

arrows indicate hybridized bands.
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Fig. 9. Expression, purification and chitinolytic activity assay of the recombinant AgChi
expressed in baculovirus-infected insect cells. (A) SDS-PAGE of the recombinant
AgChi expressed in baculovirus—infected insect cells. Sf9 cells were mock-infected
(lane 1) or infected with wild-type AcNPV (lane 2) and recombinant AcNPV (lane 3)
at a MOI of 5 PFU per cell. Cells were collected at 2 days p.a. Total clellular lysates
were subjected to 10% SDS-PAGE. The recombinant AgChi is indicated by open
arrow on the right side of the panel. Molecular weight standards were used as size
marker. (B-D) The identification of purified recombinant AgChi. The recombinant
AgChi purified from baculovirus—infected insect cells was subjected to 10% SDS-PAGE
(B), electroblotted and incubated with recombinant AgChi antibody (C). The same
recombinant AgChi as in (B) was separated by 10% SDS-PAGE containing 0.01%
glycol chitin. The chitinolytic activity of recombinant AgChi was assayed as dark lytic

zones under UV illumination (C).

3) Ax3 g AgChio] F4 571

AgChi9] ofu]= Ak oA 2789 o 4% &= N-glycosylation sites 7FA|=d]|, o] 714
oAl whuige]  Fe]  Rrie} Qg dolry]  fete]  AxF  wEEnfolex
AcNPV-AgChi&  Sf9 A5l  HAA7]aL,  tunicamycing A eletal, wzF2s

=
tunicamycins A @ st &gt FAAZl ZEFAEL lysateE SDS-PAGE A7 9 &
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(Fig. 10A), Western blot ¥#4] (Fig. 10B) % chitinolytic activity assayE A3} ch
(Fig. 10C). Fig. 1014 X+ B9} 79| tunicamycing A # et ZE A X2 A2 AgChi
o] Expuko] Fo]E3ItE. Western blot #4) A= & FE77F €@ AL 46

3 tunicamycin®l o]3] T F7Fb HA &d A 42 kDalo® e F2L o] o

[e}
wl 215 o] &3}o] chitinolytic activity assayS A A&t ojuf & Frbo] o] A glo]
RE activityE 7FA =], o] AgChizt 2ol A3 glo] o A4S 7HAgsE A4S 45
Aot

s AeNPV-AgChi
1 2 35 1 2 3 Daypl
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Fig. 10. N-linked glycosylation of recombinant AgChi by tunicamycin treatment. Sf9
cells were infected with recombinant AcNPV at a MOI of 5 PFU per cell. Cells were
treated without (lanes 1, 2 and 3) or with (lanes 4, 5 and 6) tunicamycin (5 pg/ml).
Total cellular lysates were collected at 1 (lanes 1 and 4), 2 (lanes 2 and 5) and 3
(lanes 3 and 6) days p.i., respectively. Total clellular lysates were subjected to 10%
SDS-PAGE (A), electroblotted and incubated with recombinant AgChi antibody (B).
The same cellular lysates as in (A) were separated by 10% SDS-PAGE containing
0.019 glycol chitin. The proteins with chitinolytic activity are identified as dark lytic

zones under UV illumination. The N-linked glycosylated AgChi (AgChi+) and
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carbohydrate—deficient AgChi (AgChi-) are indicated by arrow on the right side of the

panel.

4) AgChi®] x4 5o]# gl

AgChi9] %2 Eo]4 A B #d F#3S ALY, WA, A germari®l %3, AW
A a2z HoH B total RNAE 3l Northern blot #4Jo|A hybridization
signal bandt FolARt AU = (Fig. 11A) o] AL AHoAul Kolx oz AgChiZt
FARTE s & 7 Ark aYa s AR, A S 2 R St e
3t total RNAZS ©]-83F Northern blot #4104 signal band’7} 3ol A thi ksl Al Yk
AR Al A RE G A A HdEEnE As UEdlY (Fig. 11B). =38 8%, 4 2
g T3 A %2& SDS-PAGE #A7]9 %312 Western blot #41& AAsttt (Fig.
11C). == A3} Norhtern blot 239} e AxE A} o] AL AgChizt A%, T
gl $74Y BE 2HA A B B Ens AS

A. germari® ®I, A¥A e F F
EA ekl AgChiZt ¥ase x2& At 4749 x24& 10% SDS-PAGE (Fig.
12A)2 H7]9 %31 Western blot ¥4 (Fig. 12B)S A A3 A3} Western blot 4]0
A g 2 AR ¢F 46 kDa®l bandE &1 & 4 AATt ©] A& Northern blot 4] 3}
R 7bA 2 AgChie & Sold o= A4, #H dv+= ekl el Zb x4 9

d At (Fig. 120).
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Fig. 11. Distribution of AgChi in A. germari larva. (A, B) Northern blot analysis of
AgChi gene. Total RNA was isolated from the epidermis, fat body, and gut (foregut,
midgut and hindgut), respectively. The RNA was separated by 1.0% formaldehyde
agarose gel electrophoresis (upper panels), transferred onto a nylon membrane, and
hybridized with radiolabelled AgChi cDNA (lower panels). (C) Western blot analysis of
AgChi. The protein sample was collected from foregut, midgut and hindgut of A.
germari larvae. The protein samples were subjected to 10% SDS-PAGE (left panel),
electroblotted and incubated with recombinant AgChi antibody (right panel).
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Fig. 12. Tissue-specific expression of AgChi. The protein samples were collected from
epidermis, fat body, and gut of A. germari larva. The protein samples were subjected
to 10% SDS-PAGE (A), electroblotted and incubated with recombinant AgChi antibody
(B). In addition, the protein samples of panel (A) were separated by 10% SDS-PAGE
containing 0.196 gelatin and the proteins with proteolytic activity were identified as
lytic zones (C). The AgChi (solid arrow) and signal bands showing proteolytic activity

(open arrows) are indicated on the right side of the panel.

1

2}, A. ventricosus chitinase®] &4 &

1) AvChitl ¢cDNA®] 224 4 A7|AE &4

A. ventricosus AR &3 F2YI AvChitl= F71HAES B3 A3}, 1,293
bpolil 431 7fe] ofm|icito & FA o] Qi) 7|Eol By F)RlobA|eke] ofw| it A
S vlwsk ek (Fig. 13). AvChitl2 7]1®€lo}A] family 1894 X.o]& active site signature,
[LIVMFY]-[DN]-G- [LIVMF]-[DN]-[LIVMF]-[DN]-X-E (Van Scheltinga et al., 1994)
2 golst & ). dAEE AvChitlel N-terminal sequence®] =444 ofn| =it %

E JMAE ZHeZ Kol signal peptideZ9 9&S sl AR AZFHZLH Von

A=)
RN
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Heijne's W&ol W2W oA %= signal peptide= 1990 A olm =ikl Ala HoAlA & A
o7 AtgdHt a3l obu| =2k 260-263 WA oA o= = N-glycosylation site 3FUE
7hA AL gl

AvChitl®] o= = ofrl il A3 A G744 Bid A 7] |lobA|¢te] As=E #

AR =dl, 3702 group (Fig. 14A)o.2 EF %At AvChitli serine/threonine?} 7]l
Asgt =w|o] AHW Glossina morsitans morsitans, Lutzomyia longipalpis, Anopheles

gambiae, Phaedon cochleariae 12|31l Drosophila melanogasterS} 722 &% fd 7] €o}
AEI} 2 subgroups FASAY. AvChitle G morsitans morsitans®| 7]€olA 9
human chitotriosidase®} 43%7} 4 X3t o, 2L subgroup W ©HE =% J|HolAE
30-40%°] 58S HAth (Fig. 14B).
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Fig. 13. Alignment of the amino acid sequence of AvChitl cDNA with known
chitinases. Residues are numbered according to the aligned chitinase sequences, and
invariant residues are shaded black. Dots represent gaps introduced to improve
alignment. Chitinase family 18 active site signature is marked by asterisk. The arrow
shows the end of the signal peptides. The N-glycosylation site is indicated with the
cross. The GenBank accession numbers of AvChitl c¢DNA is AY120879. The
abbreviation and GenBank accession number for the chitinase sequences aligned are:
AvChitl, A. ventricosus chitinase (AY120879; this study); Gchitl, Glossina morsitans
morsitans chitinase (AF337908); Llchitl, Lutzomyia longipalpis chitinase (AY148807);
AgChi-1, Anopheles gambiae chitinase (AF008575); PcChitl, Phaedon cochleariae
chitinase (Y18011), DmCHT]1, Drosophila melanogaster chitinase (Q9W5U3); HsChit,
Homo sapiens chitotriosidase ( U62662).
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Fig. 14. Relationships among amino acid sequences of AvChitl] and known chitinases.
(A) A maximum parsimony analysis for the amino acid sequences of AvChitl and
known chitinases. The tree was obtained by bootstrap analysis with the option of
heuristic search and the numbers on the branches represent bootstrap values for 1,000
replicates. Outgroup was chosen as bacterium Streptomyces olivaceoviridis exochitinase
(SoChit; Q05638). The abbreviation and GenBank accession number for the chitinase
sequences analyzed are: AvChitl, A. ventricosus chitinase (AY120879; this study);
GChitl, G. morsitans morsitans chitinase (AF337908); Llchitl, L. longipalpis chitinase
(AY148807); AgChi-1, A. gambiae chitinase (AF008575); PcChitl, P. cochleariae
chitinase (Y18011); DmCHTI1, D. melanogaster chitinase (Q9W5U3); HsChit, H. sapiens
chitotriosidase (U62662); MmAMCase, Mus musculus acidic mammalian chitinase

(AF290003); HsAMCase, H. sapiens acidic mammalian chitinase (AF290004);
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BtAMCase, Bos taurus acidic mammalian chitinase (Q95M17); fChi2, Paralichthys
olivaceus  chitinase  (AB121733); HIChit, Haemaphysalis longicornis  chitinase
(ABO74977). (B) Pairwise identities and similarities of the deduced amino acid sequence

of AvChitl cDNA among chitinase sequences.

2) AvChitle] %% Eol4 ¥

HA, AvChitl7} D@ =+ 24E A7) 918k Al ventricosus=5-E A WA, T4,
Al a3 13 A oA RNAE #2383 Northern blot 418 AAlsA Tt (Fig. 15).
AvChitl= AL A AT HEE = Ao Z Hol XubA|dAut Eolx oz ddHT= A
o & Atk

o] 2 vy

a3 AA, T4, A F gy 2F o] @S 25t 10% SDS-PAGEE 4 A
3FaL (Fig. 16A) Western blot ¥4 (Fig. 16B)S A A3}tk Western blot 4 23 X
WA 24 gl o et 3k e ok 61 kDa band’F &<¢l¥ At} 3 chitinolytic activity
A& (lane 2 of Fig. 16C)olA A ¢k 61 kDad @A pandES Felsg =, o=
Northern blot, Western blot 2 chitinolytic activity A &N AvChitl7} A WA A &&

HAtteE A3 23S A} 18]y chitinolytic activity A&l A, X3 ZZ A 2k 60
kDa, && Z2dA 9 40 kDa 18] AWA ZH oA X thE 47 kDa®| chitinolytic
activity bandE el =t o= A ventricosusollA L E= 2 F79 J|HolAE
¢ Ao AR HH

3) AvChitl A A2] copy number &4

A. ventricosus genomic DNA Aol AvChitl §AA2] copy number® ¢olr 7] 93f
o] AvChitl F+325 A2 = Adasrs A s Southern blots AAIEHATH 1
A3} Fig. 17914 B ko) 2ol 2719 AgaAs EcoRl 18]3l Hindll o whsle] z+zt
single band® e ol AvChitl F+H A7} single copy® £ &S et
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Fig. 15. Northern blot analysis of AvChitl] gene. Total RNA was isolated from the fat
body (lane 1), midgut (lane 2), silk gland (lane 3), and epidermis (lane 4), respectively.
The RNA was separated by 1.0% formaldehyde agarose gel electrophoresis (upper
panel), transferred on to a nylon membrane, and hybridized with the appropriate
radiolabelled probe (middle panel). The 28S rRNA gene was used as an internal
loading control (lower panel). Transcripts are indicated by arrow on the right side of

the panel.
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Fig. 16. Tissue-specific expression of AvChitl. The protein samples were collected
from epidermis (lane 1), fat body (lane 2), and midgut (lane 3) of A. ventricosus. The
protein samples were subjected to 10% SDS-PAGE (A), electroblotted and incubated
with recombinant AvChitl antibody (B). The same protein samples as in (A) were
separated by 10% SDS-PAGE containing 0.0196 glycol chitin. The proteins with
chitinolytic activity are identified as dark lytic zones under UV illumination (C). The
AvChitl (solid arrow) and signal bands showing chitinolytic activity (open arrow) are
indicated on the right side of the panel. Molecular weight standards were used as size

marker.
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Fig. 17. Southern blot analysis of A. ventricosus genomic DNA for AvChitl gene.
Genomic DNAs were digested with two restriction enzymes, EcoRI (lane 1) and
Hindlll (lane 2), and hybridized with radiolabelled AvChitl cDNA. Size markers are

shown on the left.

4) Wlgznatel gl =5 o] &3 AvChitl cDNA®] 2

AvChitlE T3 A 7171 $13ke] 1,515 bpel AvChitl cDNAS WEZulo]# 2~ o] ME
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ol#] 2, AcNPV-AvChitle Sf9 ZF5A X wild-type AcNPV$ pBacPAK9-AvChitl &
2ol cotransfectionAl A el = Ak AZEF vlol#{ 22 AcNPV-AvChitlE A1z Sf9 22
ZME lysateE SDS-PAGEC] #7]9% (Fig. 18A)S 33 Western blot #4241 (Fig.
18B)S AAAT. A23 vlolE 2 AcNPV-AvChitlE ZaAIZl 25 A2 A ¢F 61
kDa®] AZ% AvChitlS <218t 0.01% glycol chting #-F¢ SDS-PAGEeIA A
°F 61 kDa AZ3 AvChitl?] lIytic zoned UV-illuminator &follA o]&3}lo] &35t}
(Fig. 180).
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3 SDS-PAGE 7] %3} chitinolytic activity assay® ARt (Fig. 19). Fig.
19014 H+= 2le} o] tunicamycing A2 gh ZFAMEY AN AvChitle] ExF=Fo] ¢
58 kDa®.2 ¢F 61 kDa® tunicamycing A g]d}A] &S ZF ML Ayrr) EAFo] &
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Fig. 18. SDS-PAGE, Western blot analysis and chitinolytic activity assay of the
recombinant AvChitl expressed in baculovirus-infected insect cells. Sf9 cells were
mock-infected (lane 1) or infected with wild-type AcNPV (lane 2) and recombinant
AcNPV (lanes 3, 4 and 5) at a MOI of 5 PFU per cell. Cells were collected at 1 (lane
3), 2 (lanes 2 and 4) and 3 (lane 5) days pi. Total clellular lysates were subjected to
109 SDS-PAGE (A), electroblotted and incubated with recombinant AvChitl antibody
(B). The same cellular lysates as in (A) were separated by 10% SDS-PAGE containing
0.019 glycol chitin. The proteins with chitinolytic activity are identified as dark lytic

zones under UV illumination (C). The recombinant AvChitl is indicated by arrow on
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the right side of the panel. Molecular weight standards were used as size marker.
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Fig. 19. N-linked glycosylation of recombinant AvChitl by tunicamycin treatment. Sf9
cells were infected with recombinant AcNPV at a MOI of 5 PFU per cell. Cells were
treated without (lanes 1, 2 and 3) or with (lanes 4, 5 and 6) tunicamycin (5 pg/ml).
Total cellular lysates were collected at 1 (lanes 1 and 4), 2 (lanes 2 and 5) and 3
(lanes 3 and 6) days pi. Total clellular lysates were subjected to 10% SDS-PAGE
containing 0.01% glycol chitin. The proteins with chitinolytic activity are identified as
dark lytic zones under UV illumination. The N-glycosylated AvChitl (Chi+) and
carbohydrate-deficient AvChitl (Chi-) are indicated by arrow on the right side of the

panel.
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Fig.1. Constructs for Arabidopsis and Phalaenopsis transformation. LB, left border; RB,
right border; GUS, [B-glucuronidase; HPT, hygromycin phosphotransferase; HT, histidine
tag.
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Fjg. 2. Generation of transgenic Arabidopsis overexpressing AvChi and PrNT genes in

the direct of sense.
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A} %olﬁ EE}OM Aztate] Aty TS Yoz PCRE 33 Ay, ¥
o] = At FAASAZRE oF 300bp =71l PCR WE 93, 7)€ vboba] 4
Fo] FAARAZEEE o 13kb 2719 PCR WES dof HHow = FHA7 34
ﬁ:@iﬂ of EAgE gHlsksdth (Fig. 3).
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Fig. 3. Detection of transgenes from putative transgenic Arabidopsis
AvChi or PrNT with PCR.

plants containing

4 & e 7k §42 5014 probeE AlZste] Southern
blot A8S At (Fig. 4). 2 2 ASA = A& s EcoRl# BamHIS 2 genomic
DNAE Awd = H7|9%53s3, membraned] FTHA7 & “px TAE  probe®
Southern blot 23S F3& A, single copy A7 F&

g 5 AAgTh

A el EAsk= s
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AvCfy  PrINT

Fig. 4. Southern blot analysis of Arabidopsis genomic DNA digested with EcoRI (E),
BamHI (B). The blots were hybridized with labeled cDNA PrNT or AvChi.

AH &y E YolH 7] ¢3] Northern blot 23d& 3
AT (Fig. 4). 54 429 49 FAASA o wpet fFdxe] 28 AHXol= zbolr
a]] Z

- 0=

48 WANE JPHo BAS e A
2 BT & AUk a3 EAY Y FAH SHNE oI} o] B wolq %

gkt (Fig. 5).
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Fig. 5. Northern blot analysis of the expression of PrNT gene in wild-type and
transgenic Arabidopsis. A, Phenotype of the PrNT overexpression lines and wild-type
plants grown in the soil for 4 weeks. B, Levels of expression of the PrNT gene in the
transgenic plants. 10ug of total RNA was loaded per line. The blot was probed with
the PrNT insert.

Aetelal FAA] A9E FAABA dolA AN BE FYS wn, 53
T29h T4 elel A faiAbe]l wE Aust wgron, FAARA A% AEE k4G of

1Rt gEdA ] 5o v £ Ao yEstt (Fig. 6).
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Fig. 6. Northern blot analysis of the expression of AvChi gene in wild-type and
transgenic Arabidopsis. A, Phenotype of the AvChi overexpression lines and wild-type
plants grown in the soil for 4 week; B, Levels of expression of the AvChi genes in the
transgenic plants. 10ug of total RNA was loaded per line. The blot was probed with
the AvChi insert.

=5 el Z1EvelbAl A AE m9dE o1 G T EvolA]l 2 &
e SAT AR, AR 2 AV 22 Aol JEyotA aagddo] = L‘rEP;k
o, opdg e B A9l JNEuobAl A Holx ekshkrh (Fig. 7).
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Fig. 7. Differential chitinase activity of transgenic Arabidopsis plants containing AvChi

gene.

Hgol =8 2% U JEvebd FAARRY avde 4IY FEE Lopr]
S50 Western blot ¥4 HAIsgth Av] fel JEvobAl f44 (AvChE W # =0}
olelx wEd] 2RY (Fig. 8) F ©F Axol Y40t vuae waNA

B M e g ey

Fig. 8. Construction of recombinant virus with chitinase gene.
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Western blot

Fig. 10. Western blot analysis of the recombinant AvChit gene expressed in transgenic

Arabidopsis plants.

2% ZIRekAl A 2odE FAASRA Y WYY ArE HAAs] 8 7]
gletu g o] A o] wokd AlFS o Z Botrytis cinereas JE3sHth (Fig. 11). 2
slofl A Botrytis cinereas &3t F5 oA HY 3 =3t A3} ofA)
g o7l nis) FAASAF oF 40% FE] AIFdS YEbRa, AAH] BFE oF
of s FAASAI FAch olHe AFAFAE Kol An f FIEelAl {2t
Sato]l WAYY FHAAT AEAS FAo] 7ted Aow AZ4HM, A oY 7HA

3 =

=
of e A Ar=s FHE7] AT dTE 8 Tl 3

et

oz of o
0051

o
o,
=t

Fig. 11. In vivo fungal bioassays of transgenic plants containing chitinase gene. T,

Transgenic Arabidopsis; W, Wild-type Arabidopsis.
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Fig. 13. Representation of PLB multiplication

Table 1. PLB induction medium of Phalaenopsis.

in Phalaenopsis.

Items Contents
Hyponex (N:P:K = 6.5:4.5:19) 1g/L
Hyponex (N:P:K = 20:20:20) 1g/L
Pepton 2g/L
Potato 30g/L
Activated Charcoal 05 g/L
Sucrose 30g/L
Agar 8g/L
pH 5.6
sHTe] FHAE fa) P AHow 43 PLBY F4¢] wi¢ &
A5l gHE 98 5% PLBE t&Fo=z FAA7]7] fgt AFE F33A




Yz w2 g 7|2 R stal, B 74 HubEe] oid PLB 524 =g XAt UvHA
°x 3¢ PLB S48 ¥iAde ZaUlYHE F2 AMESte] vk 28y Faul Y
HE 7HAo] vl g-¢je] o# 9 tE Al EdEA gAEE AHEstel PLB A4
nx= gY9E A3 AAF 30g/LE ZAUIYE tidle] wjxlo Yo Ags A}
dArgol AavigEle] Bls PLB S2ld &34l Aoz yewi, 53 27] PLB 54
of EHAolem, FIAYILE 45 PLB v ZHY Aol =2 545 Y
t} (Fig. 14).
18
16 /./l
14 Z
@12 F
10 f ——CW
Z 8 | —=—PJ
z 6|
4t
o |
0
1 2 3 4
Day
Fig. 14. Effect of coconut water (cw) and potato juice (pj) on PLB multiplication in
Phalaenopsis.

SA e PLB WAl B2 4o slsd sgtEe] ddus B =5 ols =29
PLB T2 & 4&FS VA= 2oz dHAd vk o5 =49 AAE sl S &
Te & dgete] iAo M & AR do] PLB 4 Axe vAE TS £
At A thH(Fig. 15). ey & ebao] -5 05g/L¥ 1g/Le] & Aol 2§ PLB +72
Aol zte]E HolA ¢hof 05g/1¢] FHEAYCORE PLB T24de & A7 §1S 2

o Az
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——AC 1g
—=— AC 0.5¢g

No. of PLB

Fig. 15. Effect of activated charcoal (AC) concentration in hyponex medium on PLB
multiplication in Phalaenopsis.

AT A Helrle] A7t PLB F24ol vA= &l sl AR A geopwl
Al 77F FA Tl HE PLB = 3 S &dAeldn. 2ea 27] PLB =l
Elofilo] T3 A4S st Aoz AzEn (Fig. 16).

of
el

30
25
20

—e—thiamine contain
—m®—thiamine clear

15

No. of PLB

10

Fig. 16. Effect of thiamine contain and clear different on PLB formation in

Phalaenopsis.
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CX il
7hA ol Agatal Abgo] AYsttt. ST PLB S0 mA & stolxdlxo] JIFs XA}
o Ay, ste]xdlAE FHEHA B2 APl = PLB S0l A At AL
1g/L3} 2g/L A 2ol A= PLBS F2o] &ialr ol Fojxon, F %
= A7t sl eH(Fig. 17).

o

100

80

60

PLB multiplication(%)

20

0 1 2
Hyponex(g/L)

Fig. 17. Effect of hyponex concentration on PLB multiplication in Phalaenopsis.

A2 A A BAY

10

Wl

2 F2 sucroseE ARt = e g
Bt} sucrose’t PLBO S2lo &2l Blow dejA vtk ST PLB F2¢ 7
sucrose® A7 Fx=E ety &) HPS A A3, FA el vl At
PLB 2o 234 o9l o™, sucrose 20g/L¥ 30g/L A&+ FFol= 2942 =o]7F A
A goktt.(Fig. 18).
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PLB multiplication(%)

10 20 30
Sucrose(g/L)

Fig. 18. Effect of sucrose concentration on PLB multiplication in Phalaenopsis.

e PLB &2 BANA wixe 4ol /b Fad adoR 2gata glon,

PLB Al Al PLBS] Ao W e F24 g & S = Ao deA )

AT AW wdA PLBE @ wsle] Algshs 2 go] Fom, FostAY oz

Zto 2 ZebA AHEE 49 PLB 4 g srolxith sk Adiv]gAl PLBo] #w

=7 PLB] 24 & vA= &S A 43, PLBE Z5H 1/3%9& dds)

o] Arjuiket 49 PLBY T2 &o] M4 =okal, Adk ¥97t ol or WHArs
%!

4ol WolA

g

100
e 80
H
T 60
Qo
=
R
g
& 20

0

A B C
Cutting position

Fig. 19. Effect of cutting position on PLB multiplication in Phalaenopsis.
A, 1/3 part from top position; B, 1/2 part from top positionl C, 2/3 part from top

position.
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AASS S8 FFolM FEE PLBS SAA7WUA 7 FE7E £
&3ttt WA T PLBE AFC2ZHE 13795 A=25, 5o &
AA7F gHEl Agrobacterium WS HA Fo| &3 PLBE Ho=z Ae] A o
ST 12]al Agrobacterium W %el3 PLB EHE &5 H|Uste]
Agrobacteriume #4A1 %At Hygromycin®] $H5% PLB £2] #jx|o] =]3le] A Ag
FH PLBE Awsda, MEFA 5% PLBE shooting ®iA°] %7 multishootS =3k
% rooting ¥l Ao %A AE3I MAES FHEACHFig. 20, Table 2).
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Fig. 20. Representation of Agrobacterium-mediated transformation of Phalaenopsis.
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Table. 2. Multishoot and root induction medium of Phaelenopsis

Multishooting medium Rooting medium
Items Contents Items Contents
MS 4.4g Hyponex 1g
CwW 50ml CW 50ml
Sucrose 30g Sucrose 30g
AC 0.5g AC 0.5g
TDZ 30mg Peptone 2g
Gelite 2.3¢g Agar 8g
pH 5.6 pH 5.6

A& PAATS s F=2 Agrobacteriums W/HAIE g WS ARESTE AE
2159l 49 Agrobacteriums o] -&3to] €JF FHzte] Eo] HA o] FoiX i ot £
ol Eol g Agrobacteriume] dAdA T& T3 T AL
Agrobacteriums ©]-83 o F fxxte] Zgol ofe o]l v W A
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2 % TH T PLBE ©]&€3le] Agrobacteriumel o8 s ee] A A AAE g
st a, 7 A¥E L3zl Agrobacteriume GV31013 LBA4404X.th EHA1054 & o]
=A Uet. Agrobacterium FE WHS 7|£9 PLB HAAE

Aol ol #AATI= WS /Aol Agrobacterium WY& w5

4

Agrobacterium i % o &
@ % @4 dol 23 PLBE S1nRol deeping A3tk 12 A A@¥ PLBE tf
=]
=

>

L3
Agrobacterium Hjoko] @o] 7+ A AT PLB Zwtdol= Agrobacteriume] # ZdH
=

2] ¢kgko deeping A FH FYol= Agrobacterium®] U E HEE GUS assavyE 5
g v HA Sl AEsNA A3 ATHFig. 21).

2 weeks | 3 weeks

GV3101

EHA 105
(pBISN 1)

Fig. 21. Effects of Agrobacterium strains on the efficiency of Agrobacterium-mediated

Phalaenopsis transformation
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Agrobacterium Bl ¥4 o] FE7t s @] FHAAEE A= GFS AR A3t )
ol o] ETi zko] 08 w 7bA Adsrglar, 1. Agrobacterium®] | Ao o] ¥
ol demn, o2 s PLBO F2o] JA¥i FAHSE PLBE Awet7|7F w¢ o
21tk Agrobacterium® A71E &l FHHIUALS Ab&sEglon, AWk FRET o
B

=2 200mg/Le] w7k 23]l Aom YEbsttH(Fig. 22).

’

Transformation rate(%)
)
o

0.4 0.8 1.2

Agro. concentration(OD)

Fig. 22. Effect of Agrobacterium concentration on transformation efficiency in

Phalaenopsis.
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:El_
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i, hygromycin &%=7} 7184

e o] A s %9] hygromycing & wjAlollA] FH s PLBE Awele 3lo] npg
A& Aoz AZrAY (Fig. 23).
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1 15 3 6
Hygromyain(mg/L)

Fig. 23. Effect of hygromycin concentration on surviving rate of PLB in Phalaenopsis.
Agrobacterium®] 7+ Alzto] FHAAZ g & WA= %1%9* ZAbeE A

99 59¢ PLBE 2087 olazubelelel wgelo] Bol e A7E Aol A EI

A Aem vehih 29 AE %o

e o (Fig. 24).

2 3 749 PLBY "20‘/910] tha AdE= How

Transformatin rate(%)

10 20 30

Infection time(min)

Fig. 24. Effect of infection time on transformation efficiency in Phalaenopsis.
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TEH ek Al7to] 7ol - Agrobacterium®| A A7} 2 A oF

o} PLBY %2lo] Ao ddH3st PLBE 97|71 o & 9 th(Fig. 25).

30 r

20 r

Transformation rate(%)

10

3 5 7

Co—cultivation time(day)

Fig. 25. Effect of co-cultivation time on transformation efficiency in Phalaenopsis.

EEA T FAAE AAY FHE 98 GUS FAAE FHatar gl pCambia
2 WEHE Agrobacterium EHAL059] = 4
Agkst ity Hygromycing 3138 PLB T2 A4 FAASAE Adkebada, Hddd
PLB @dA&A 9} AEAE GUS assayz AT 55 FlstAdohi(1d 26). FHA
A% PLBEH-EH S4¥ & A2 PLBE GUS gAo] ZatA velwka, 5
3] 7]&€29 PLBE GUS gAo] %] 942 WhH 7]F= PLBOIA deeping 2| H 9]l A
AMEA A== PLBolA GUS Mol AstAl vetwrh. FEAS =574 &4 MAe
GUS @A o] X ¢k}, ole)d A%=2 wol TH T PLBE deeping A lsts Zlo] d2

A
]
A% 58S AN & AL A AZE.
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Fig. 26. Regeneration of transgenic phalaenopsis plants from protocorms using

Agrobacterium tumefaciens.

= = ATHFig. 27). GUS 427 =€ PLB9
A B 2EE 12kb Z7]o =2 A8 = 9lgla, e oo A= wl=7} LpELER]
S

y 1o

=
THS Hol= JhAEe] AdHer d24d8d AS & Ak

- s S G W W +—1.%b

m 12 13 14 15 16 W

Fig. 27. PCR analysis on transgenic Phalaenopsis containing GUS gene.

T, Transgeic PLB and plant; W, wild-type
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