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ABSTRACT CiylAc gene was introduced into chrysanthemum (Dendranthema grandifiorum Kitamura)
‘Linneker Salmon’ through Agrobacterium-mediated gene transformation to develop new lines showing
resistance to tobacco cutworm (Spodoptera litura). CrylAc gene was transferred into chrysanthemum by
Agrobacterium C58C1 containing pCAMBIA2301. After infection of Agrobacterium C58C1 with leaf segments,
the segments were cultured on regeneration medium (MS + 1.0 mg/L. BA + 0.5 mg/L IAA) containing 10
mg/L. kanamycin for the first selection, on the same medium containing 20 mg/L kanamycin for the second
selection, and on rooting medium (MS basal medium) containing 20 mg/L kanamycin for the third selection.
Until the third selection, sixty nine plantlets (1.6%) were survived and rooted. Thirty six ones (0.8%) among
them were confirmed as putative transformants with npt/ gene by nptl/ primer PCR, and 35 (0.8%) of 36 ones
as transformants with nptll gene and crylAc gene by Southern analysis. The gene transformation efficiency
of crylAc gene was favorable with 0.8%. The resistance of tobacco cutworm (Spodoptera litura) in chrysan-
themum transformant introduced cry/Ac gene was tested in green house. Three transformants were con-
firmed to have resistance to tobacco cutworm.
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A 58 AgE 8% E52o= g4 ML = 9tk A
10999 52t 25+ FAAS Agrobacteriumol 2% 3§
AN 7169 Ao AFH] St (Aswath et al. 2004;
De Jong et al. 1994; Fukai et al. 1995; Ledger et al. 1991;
Renou et al. 1993; Takatsu et al. 1999). 2ol 2H =3} §
ARG A= A A H3h WA, WE s 5 =Y
H A% g2A9ge] 24E& w2 ot (Han et al
2007, Kubo et al. 2006; Mitiouchkina and Dolgov 2000;
Takatsu et al. 1999), =38lo] Br &-AA T YHlA S4419)
=4 FAARY ojgjF wiol AFHellet 22
T3] B&Ho|1 M4 Y= Agrobacterium e ©1-§5 B4
A AA 7L fdEo] B dto HuEi glct (Aswath
et al. 2004; Khodakovskaya et al. 2005; Petty et al. 2003;
Takatsu et al. 1999). =3} Aol A B3alol] gt +F9
&4 U A3 9 AR &42 A4% ZX 0t Gram-
positive BtE| 2o}l Bacillus thuringiensis (Bty= oFEA| 9] A
2/ crystal proteing AJAFHCE o]t proteing- delta-endotoxin
E Brtoxino]gh B2 UulR, HAF 9 GAEAR
350 =& EAL e} (Shinoyama et al. 2002). 3}
delta-endotoxin Bt -FAAIQ} -2 &5 A3 49 &Y
2 Z@o| AF5AE Axdle YA £AE SolAY 3
10 5 9le vy dirles Algste ok A2 Br-
toxing YT} Ql= FAAEC] F5 9 HHE S0l
A5t} Z3lof] ARz =% 9let (Shinoyama et al.
2002, 2003). 3% FHE E0l7] Hste] A& FEAE
B A9 A H2 1 W 4 Sk Ao 19
=7 glou), B Sk shbel aylde SRk olfod
HEEE 542 3%, 59 VIS s HAlel g AN
%31 Q1o (Dandekar 1998), 7} &3HAQ AR Q5H
Atk (Leroy et al. 2000). £ AT AE Bacillus thuringiensis
crylde FRAAE =Yt L& 3590 g AA ] v
(tobacco cutworm; Spodoptera litura)ol| A8A4S Uehfs
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o ARE AL 25t mRolH Ago] FHT Nz
2 3|5}to] 70% ethyl alcoholo] 10Z, 1.0% sodium hypo-
chlorite (NaOCl) oA 158 FF TAAAS o, B¢
T2 33] N Hsto] vt AzE 2% FAT] A7t
%l MS uljA] (Murashige and Skoog 1962)of| 4] uljoF3} 5 oo
85 7t 2 Aquietdd Hrg st 2HA =
857 Aa3 BAEA Az A -39S AF R,
e PUE FHCE S mm FEY Ao E A Agro-
bacteriumol) HE3PA. AHHAM Az] 3= MS
7126 R o] sucrose 30 g/L, BA 1.0 mg/L & TAA 0.5 mg/L7}
A7rE w2 E ARSI HE & BEASA AdofA |
A Adke A2k iAo 10 mg/L kanamycind} 400 mg/L
cefotaxime©| A7HE vz} A, 22} A4E2 20 mg/L kanamycin
1} 400 mg/L cefotaxime®] H7}5 wjA]ofA] AlRetgd om,
g8 MS 7)Euj]o] 20 mg/L kanamycin¥} 400 mg/L
cefotaximeo] A7h WlA\o) 4 SaBHsAch vfke 13} At
DR WeolA, 24T AR Al 2
Pty o, Hjofe 2= 25:2°C 2 RAEE w4 40
umol-m>-s'2 2YBHHA wjeFagich

Binary vector, Agrobacterium =H| & HZHst

TS TP AT A vl FET aplde
FARNE FAAG| ol &3t Crylde FRANE FEA
32 7] 218} binary vector pCAMBIA 2301 (CAMBIA,
Australia, http:/www.cambia.orgys 7}A| 3 $l= disarmed Agro-
bacterium tumefaciens strain C58C1-& AMESHGITE pCAMBIA
2301 plasmid= A1 marker24] neomycin phosphotransferase
() FAAE, FARE FHARRE crylde FAAE, reporter
gene Q2 A= GUS RS Zepstal lglth o]& 4%
+ CaMV 35S promoter2} 3-nos terminator2 2 A= 191
o o] MEl= AH YAMET 2810 A tumefaciens strain
C58C19) Argl=jdct (¥ 1). 4. tumefaciens strain C58C1
#FE 50 mg/l kanamycin®} 100 mg/L rifampicin®] H7}%
5 mL2) YEP AR (10 g/l peptone, 10 g/l yeast extract,
5 g/L NaCl, pH 7.5)0)] Z&a}o] 28°C oA 220 pm o2 gt
B F3HHA O.Dseo 0.5-1.07F HEE ok 16A)7F vjokabict
Y WA 1.0 mLE RF ko] FYEA] o 0.Dgso 0.5-1.0
7t HE2 SAxAlA Auersheich BeFAL 6000 pm
oAl 1087 S &, 58S Hel1L acetosyringone
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Figure 1. A linear map of pCAMBIA 2301

(3',5"-dimethoxy-4'- hydroxyacetophenone) 100 uMo| A7}=
MS AR 2} E31519] spectrophotometerS: 0}-83}0] Agro-
bacterium®] =7} O.Dggo 0.8~1.00] HEZ ZA5ch o
AHA| (5 mm *x 5 mm)E MSH{ R0l 1= Agrobacterium Hl)
S 1087 HF 8 ohg, Hat ¥ filter papero] 4] o229
Agrobacteriume& A T B3} wjz] (MA + 1.0 mg/L
BA + 0.5 mg/L IAA)Z ofAstgich. &3} vz 2 ojAld
HAA = 25°C oA 3U7E hulorst kg, BErE AlAT
3. kanamycin 10 mg/L&} cefotaxime 400 mg/L7} 7FE A
w3 A= o] date] ehuljok shgirh Hik 85 - AjEstE
X125 kanamycin 20 mg/Lo} cefotaxime 400 mg/L7} H7}El
HiA)of o]Ajsto] 23 Ak Bpglon, wioF 43 & 24} Al
ahaf z)of A AJE3H 7§ A= kanamycin 20 mg/L9} cefotaxime
400 mg/L7} 74 MS wjxjof o] Alzjo] A H Tk uht
H 7| A= putative FAHTAZ FH2 AL Yatod 2
gLe] BA%o] A7t MS vl A A8

HEMER|C| nptll X transgene primer PCR X Southern
blot &4

AR AIHRE BRlety] et AdrE AEAe o
27 AEA (HIBARSA A npdl 742 o] Tt PCR +
& NSk Npll 9 transgene primer PCR¥ Southern
blot £4-8 3t genomic DNA¥= DNeasy plant mini kit
(Qiagen, Germany)& ©|-§-5tof Al£3|ALe] R o] we} 7]
oAl et AaA dollA &5k NplE 35317
3t primer+ forward primer (5' GAG GCT ATT CGG CTA
TGA CTG 3%} reverse primer (5 ATC GGG AGC GGC
GAT ACC GTA 3)E AM:3}gIch PCR ZEHL template
DNA 100 ng, dNTP 200 pM, primer 10 pmoles, Tag DNA
polymerase 2U 5&} ZA 0.2 & Wk2H2 50 uLE 390
o, predenaturation THA= 95C oA 5E7) denaturation T
Az 95C oA 187h annealing BAlE 55C oA 187F,
polymerization $HAl&= 72 C oA} 187}F (30 cycles), 221
extention TAl= 72CollA 7EZEO 2 Ieycler System (Bio-

with cryldc gene and nmptll gene used for plant transformation.

RAD)E |83t 33}girh Transgened] =4 E &
213t7] $J3}eq cryldc transgene primer+= forward primer (5'
TGG GCA AAG ATG GGG GAT TC 3')%} reverse primer (5'
CAC GGC AGG GAT TTG AGT GTA IME AMR3l%th
PCR B4l &J8}o] nptll 534719} transgene©] A= $lch
3 2ol putative P XA o st Southern £4E& A
AlEF3Ac}. Southern #2498 $8ko] genomic DNAQ] &2
oA AF3AE F231H 21, 20 ug?) genomic DNAS
AFHEL Hindlll (80 unit)S A3t Fdst 3 0.7%
agarose gelof A A7) 53Tt Gel& 0.2 N HCIo| 1087}
A2 5 WAdst ot S43) §Hof 7+ 4587 st
nylon membrane (Hybond™-N+, Amersham)o]| upward capillary
FAS o &ste] DNAE HolAlzlct Hol7 d=d 3,
UV-cross linkerE ©]-&8to 1200 mi/em’e} UVE RAFS}Ho
DNAE membrane®] A A|Fith MembraneS 3AJ7} o4
pre-hybridization A]7] & X% probe DNAQ} 18-20A]7F
F2t 65Tl 243} 938 +38sict. Probe DNAE
Rediprime™II labeling system (Amersham-pharmacia)& o]§-
sto] Az3ALS AAol whet [a-7P] dCTPE R#R)5HLE
Hh2 & membrane 2 65°C oA} 2x SSC, 0.1% SDS-LH O

10, 1x SSC, 0.1% SDS-SH O 2 155 A A3t 3, AFL0| A
0.2x SSC, 0.1% SDS gl o2 55 (2x SSCEH O 157 A
25t 2 -70C oAl 3497t x-ray filmel] e&AIA S5l

RNA =& cDNA &4 % real-time PCR

% RNA+ RNeasy Plant Mini Kit (QIAGEN, Germany)Z A
23Ae) 213o) whet 7]jollA A2l 100 mgo] =3} 9
ogHE 22319t A WA strand cDNAE PrimeScript™
Ist strand cDNA synthesis kit (TAKARA, Japan)Z A2 3]A}
9] A3of we} DNase I (Promega, USA)E A3t 1 ngd
2 RNA9JA 43St PrimerS- program primer3 (Rozen
and Skaletsky 20002 A}g3d ARSI Crylde SR
primer sequence+= forward, 5-AAGAGTTCGCCAGGAACCAG-
39} reverse, 5-TGCGAACAATGGGATAGCTG-3'& $Hg3}
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gt} =3} actin cDNA (GenBank accession no. AB205087)+=
RT-PCRo] Slstod Folapon], A% faTa Argshat
=+5} actin®]] Th3t primer sequence— forward, S-ACATGCTAT
CTTGCGTTTGG-3'¢} reverse, 5-CTCTCACAATTTCCCGTTCA-
2 AU v AREA AEAE At =Y &
A Ix dd g Y =F BASHY F dA 2 PCRO
S3iziolth A HA strand cDNAE E2]H reverse A}
(RT) Ao A A=Atk Strand cDNAE= RT buffer system
ol AR AIE Fol7] Ysto] V102 AT Real-
time PCR-2 MJ MINI OPTICON (BioRad, USA)E A&-5}o]
43319t 2E93-2 2 20 ulol] 10 ul®] 2x DyNamo
SYBR Green PCR Master Mix (FINNZYMES, Finland}, 2 ul
9] primer (2}Z 500 nM), 2ul9] cDNAE Z§5lo] 2% 95C
oA 1087 ¥H-gA7] 3L, 95T ofjA] 3029k 57C oA 30%,
72°C o) A 302749] cycle 40315t HE 72°C o)A 1057k
ZEZAA 7} sample F 23] gHE 02 AAgict ZF §-4449
A s 24 flske] 2 (T) (-Delta Delta C) 4
(Livak and Schmittgen 2001)& A3}

SEEE £3EY

Southemn blot 423} cryldc gene?] 4Hlo] Eeld 7|A|
g 7|l ABER 1074 F4% o, 23 TS <3
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£ Ao n, 657t 3lste] iR (RAE 40% +
2Z 60%)7F ©70 2174 30 em SHEol| HAsto] 2414 A
St Crylde 7877 AREE AgH = 270) of
30 cm A HUE o, FujAA R P (tabacco cutworm;
Spodoptera litura)®] §5 2F~3F)& HAHZ 5uiy A
Fato] 29hESkg o HE 1579 Fof i) AEE 2AS)
Atk 2ApFY o 2= Ao AES A5 F50) 713
3t #3te] =S 2ARITE WY = w2t A=t
AlgE 2L 50% 71l 7t A2 30% e, Uik 2 10%
THelRE Aog AAksl
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kanamycino} SHH-8 A E3} viA] (MS + 1.0 mg/L BA + 0.5
mg/L 1AA)OA 12} A2 s, A&} vjz]of 20 mg/L
kanamycino] H7Fg wiz[o] A 22} AHS 8pom, 20 mg/L
kanamycino] H71El MS sjxjof| Al ZAIA 32} AL 8}
Atk 33} A2 AL7EA] vector control¥ crylde S-HAT} AL
A% constructiono]| A 6974¢] Alzx7} &S] ekt
NpdI primer2 PCRE 3t A3} 113 367)2] AlZ7} putative
transformant = EQ1E91 3 (2% 2), Southern A4S &
7, 357017} mpill SRS} aylde $HAE 71 WA
AZ Selssich (13 3). Cplde §4RY FAAHE
0.8%=2 FS3FTt (3£ 1). Yepes 5 (1999)2 =3} ‘Polaris’
9} ‘Golden Polaris’ o] tospovirus 2] nucleocapsid protein gene
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Figure 2. Electrophoregramme of amplified fragments from
nptll (A) and erylAc gene primer (B). Putative transformed
plants was infected with C58C1 containing cryldc gene (M:
Lamda-Hindlll digested marker DNA, PC: pCAMBIA 2301
vector DNA, NC: non-transfomed plant, B32-B46: putative
transgenic plants).
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Figure 3, Results of Southern blot analysis of transgenic plants
carrying a putative cryldc homologous fragments. Among 36
putative transgenic plants by npt/l primer PCR analysis, 35
plants were confirmed to have the insertion of cryldc gene
(M: size marker, NC: negetive control).
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Table 1 The frequency of transformation of chrysanthemum (Dendranthema grandifiora} ‘Lineker salmon’ planis by Agrobacterium

tumefaciens strain C58C1 harboring binary vector pCAMBIA 2301.

No. of shoots survived

No. of fransgenic

No. of transgenic

Efficiency (%
Gene. No. of explants on the 3rd selection shoots by'PCR shoots by Southern y ()
construction (A) medium® (B) analysis analysis (D)
to apt # (C) (B/A) (CIA) (D/A)
Host control 374 0 0 0 0 0 0
Vector control 436 7 3 0 1.6 0.7 0
CrylAc 4,281 82 38 35 1.4 0.8 0.8

’MS medium was containing 400 mg/L cefortaxime, and 20 mg/L kanamycin.

g2 ol gt AFolM AE T escaped 0l
kanamycin®] @A AQ] F=9] Ho] A o|grte A
£ 2319tk Takatsu 5 (1998, 1999)0] 23}e] Z7]9} 9
£ Agrobacterium=} -E,’—%ﬁﬂ oF & AHhS 943t kanamycin &
Tl 75-10 mgL7} E3H0|SIckT 8191, Han  (2003)
2 33} ‘Shuho-no-chikara’e] FAXMTA o HHAZ
Agrobacterium™} F-5Hj%F & A9 93t kanamycin A7
FE= 1210 mg/L, 22} 20 mg/Lo]Qivh B 118} 8f gt
T3} Boase 5 (1998)0] =3} ‘Peach Margaret’ o] leaf color
(Le) genes =91317] $igted o HHAE Agrobacterium™}
35 8% F kanamyein 20 mg/L7} ZE a2 o] A 4
EAE dr2startst Bkt B A3 A% kanamycin
ASFEE 12 A= 10 mg/L, 22k 20 mg/L, HAlHo|
A 20 mglLE Mgttt E3 Z8te] gAHstofA 11
27} A g &, Al ofl A RS ABAE e A
ok WS ARESHY escapeE £Y 4 ok SR
(Ledger et al. 1991). B HFoJA%: 17}, 24 APEE & &
T S AL RN escapeE Yol £Y = U
=SH= kanamycino]] Wj-¢ Qizsted EFo] wet thE
HE 10~50 mg/LE Adhifxjef H7hghch T=iu 444 A
SR W& A27F Fo] YojA escape’} Alstrkal GEA
ATk (Ledger et al. 1991; Fukai et al. 1995; Takatsu 1999).
Takatsu 5 (19995 37} kanamycine] =% 97435k 10
mg/LE AME3H=t] Atz  85.8%9] escape?} 'HAY3}
Qo BlGick & gAML 1} At Az7h2x) A
SAS Wol TABKE AL B, mpilie] P PCR 3}
oA escape7t Bol AT (& 1).

Transgene primer PCRO{| O[3t HAT S|

ok
e

32} A R|of Al AbEl 627) %] 258 DNAZ 3:%3]0]

nptll primer=2 PCRE ©0]-83}0] kamanycin A3} §-AH A1
nptll SAX}F 8olE A 36704 S Akstdct AEE 36
MAE= ThA] transgene S FEZ3ILE AZH primerE o]
ate] PCR3E A3} 357)2] A A purified pCAMBIA2301
(positive control)3lt Z+& 3719} 900 bpoA] MET} A =
ScH(2H 2). ol= FAALA A 25H DNA bl erylde
FARZE 2 AS Rl F= AW aplde FA
A7t Fgkof) LU= A Yulgih. SAHA AEA
o} PR M= TS Ef gi&o] Southern F-4& 3
of ZUH AR copyE SRIBH= Zo] o¢- Fagh,
G4 Z-Z o] A= transgene PCROJA] RHZ7} =Y
ot 3QlE A& Northern EAoJL} RT-PCRo| 9J5}]
TEE 248t ZAAYS ok Aol =8 449 2
& Eebe o agdolst AzEch

Real-time PCR % ZWEH ZIHY

Southern blot H41 AT} cryldc gene®} AFYo] Eold 7R
g 71Ul AgER 0 38t Cylde H3A7}
HAHEE AEHE real-time PCRZ cryldc §312}2] il
A IEFE ok 248 AEA R R4
erylde A A Wgo] dzrH o wotou) ¥4
2k B-3, B-21, B-53 Al E A= A dEso] g2ty
o H53] wUdTH (T 4). E&t oylde K17 FAAR
H AEAE 240 oF 30 em FE =S o, FullAA Y]
e 45 2937 AHAEE sube Y FEetga A
F 15 3ol 18] AEE Ak FARE AEH 3574
H 5 o AES, UYL a7t AL A% 34
&€ AR (E 2). Oylde FRIEH djFEA &=
AFdol HEEA ke, 3AFANT =YHHAY
o} Wdsgch
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Figure 4. Expression of crylAc genes in chrysanthemum ‘Linneker Salmon’. Quantitative real-time RT-PCR analysis was performed
twice using primers specific to cryldc gene, and the expression levels were normalized against actin levels; mean values £ SE

are shown.

Table 2. Resistance of chrysanthemum cv. Linneker Salmon infroduced cryfAc gene to tobacco cutworm (Spodoptera litura)

Gene transgenic line Larva survival (%)

The rate of damaged leaves (%)

No. of damaged leaves

Linneker Salmon (Contral) 833 £ 11.8 206 £ 57 1.9 + 05
B-3 0.0 15137 07+04
B-21 0.0 88+ 28 1.0+ 04
B-37 16.7 £ 1.7 218 + 2.1 18+ 0.3
B-50 36.7 £ 24 8.0 £18 09102
B-53 0.0 6.0 £ 1.4 0602
¥ e ol

=5}o|| Tl A Ala] L (tobacco cutworm; Spodoptera litura)
°ﬂ 11?% 32 et 32 SA37] A3t arplde 1314
LAY Crylde SAAE pCAMBIA2I0IE %

?{}Gl-c Agrobacterium C58C1-& E3}o] =3} ‘Linneker salmon’
o =i3}9ith Agrobacterium C58C1-S HE3H T PAHE
10 mg/L kanamycino] $H8-% &3} wjx] (MS + 1.0 mg/L
BA + 0.5 my/L IAA)OIH 13 Ah& 5191, A5} w0
20 mg/L kanamycin©] 71 vjx|ofA 24} A L
o, 20 mg/L kanamycin®] A7} MS wjx|of|A] 32} dhZA
S stk 3 A AETEA] 69742 Az (1.6%)7) A=
sho] BF23l 9Tt Npil primer2 PCR-E 3t A1} 1 5= 367
9] ALz (0.8%)7} putative transformant= 1=} 17, Southern
w4& & 2T, 3570 (0.8%)7F npl AR crylde
HAE 71 UABA 2 SR Cylde $A7) o
AABEL 08%2 5o LAIA SlA ] Lp
o digt AFE AAs A, A FAABA} A3
4 el Aoz BelEsi,
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