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ABSTRACT With the use of Agrobacterium and gene-gun, cold regulated gene (BN115) has been injected in
Chrysanthemum leaf disc and transgenic plants have been produced successfully on the selection media
containing phytohormone. To determine the presence of the transferred cold regulated gene (BN115) in the
transgenic Chrysanthemum, PCR-amplification indicated the presence of that gene. Real-Time PCR for
confirmation of the putative transgenic plants was established. The copy number of cold regulated gene (BN115)
is extrapolated on the basis of a standard curve. Serial dilutions of known number of gene copies were in
triplicates. In this diagram, PCR cycles are plotted against the fluorescence intensity. The cycle at which the
fluorescence reaches a threshold cycle is inversely proportional to the starting amount of target DNA.
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shalAle] F8 F5 5 3h<l 3@% =T, 42 F FAE M Ao E AEEta otk wEkA A
FFUNM standardE THOE, FHAME sprayE T AP FHAEZ o] &3 thst FEe Ao o]
Aoz wreE) g Dendranthema grand iflorum “Puma” FojA AL He AHE 34 A7 S Qo] 2usk A4
T 7134, #F3H3, AEA ol HolvH, 24 4.5 em, 3H4 A& ZpR b g A om 7|E
3~3.5 cm, 3}4] Ao] haiAl (A7) ZAl¢l E4do] gtk =8ko] genetic transformatione] W& HEA {59
£ A3 A8-¥ BNI1LS gene-2 A&+ H F%2l Jetneuf SHQ Eslitdelu dAAe] vl T& Bt
AEAE 2T AL & P e FARES FHHoE 83 FHAE ol&ste]l WA, WS4, A
cloninggt Z1o2 H2xe] & 24/‘]@"hﬂ°ﬂ oA F-A A%, sAawg 5 F3AEE ERE AEHY s

A7F HEEE Ao WaEal 9t (Weretilnyk et al. (Robinson and Firoozabady 1993). =3} &2 3lo]| gt
1993). @Al el 1) vdalg2 5 =l F A4 Al A= AF7A AL Bawo]l o} (Seiichi et al.

42 109 47 hag AJEWY 2He AS2EE 1T 3 1995; Sherman et al. 1998a,b) 2 FAHEE E= 5
FoIE AZF 6602190} B ZuE AT ek (s, 58 Wl 9 ole X Ralskek. 3, dgrobacterium

2 bombardment transformationel ©]3F UuFA Q) genetic
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24 HLtﬂg] 842 PCR Hl—tg
o] o]-gx5|o] gkork sensitivity9} specificity@ ol G2 H

797} 9lo} hybridization® 7]|ZE S
southern, northern, western blotting 5ol 23+ Wl o2 |
21 sigeh 2y o3 d W ARES A8 w1
g 7l gl Be A7ho] AQEH, W e DNA
7} eFH e Aaatra A4 o] aFEth uhebA
ol &k PG F¥517]9 % Real-Time PCR £ A
7 sUEgsZ 2 s 9o, 45-cycle PCRE ¢
AetEdl ~30%0] gEM, AAZE A0l o5 T3l
AE ol T Yo E x| Golk =B mfge] gle
- Z=o] 3hto|t} (Ke et al. 2000).
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Bojste], B oz sl A& FRHgske o] o2
Ao A AEH 1 glth olelgt BAEF Ve AEETS
GAZo A4S F e Aol Aok wekA ¥ A
A28 §H2Q BNIISE o] &slo] slof A

g7] Slg i U 9RAsE ABANY SYoR e
A7) Ao mese] BEEe dlstud
st
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28} (Dendranthema grandiflorum)= Puma$-3-g sucrose

7} 3% (wiv) H7be MS71 R w =] Al ufFske o
08~10 o 9 AN WANHE AnE Agsa

v

Callus &4 & H==t

Z3lel o ZHE ABA AR3Z YA 3% sucrose”}
A7be MS7| Eu 2ol A3z A] 1.0 mgL BAS}H 0.3 mg/L
24-DE Hrleto] vjAlE Ax@d e d 4 Y= 2
07 AAE 1 F HEech Aes B2 w3
7 @ SEM (Scanning Electron Microscopy)& AH&-3}od
Agrobacterium FE), AEANZ HATA, callus& A 4
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Aexg dAASA §4S g6 M A2uE f
A A= BN115%E Brassica napusolA] el 222 binary
vectorel] =415le] pBin19:BN1152 A|£3gF tha disarmed
Ti-plasmid & &-7-3l3L = 4. tumefaciens MP90°] =<}
& A A3 e Eofitol ARSIt (Weretilnyk

et al. 1993; Choi et al. 1996; Jeong et al. 2000, Fu et al
1999). A4 A FAAZE SHF-3laL U&= A tumefaciens
MP 90%= 7 3tl& Dr. Yango] Agriculture Canada®]
Dr. Singh2%-8] Fo] wke szi 50 mg/L kanamycin©]
A7kl LB brothulj o] HE3 & 2~3Y F<F 28T o=
ol A] wjeFatsiTh

RoA EE # =

oH

La)oke 913} Agrobacterium-e A 4 kanamycino|
35 LB brotholl 4] 28, 250 rpm ©.& 12A|7F v kst &
}29 MM (Minimal Media)+Km brotholl 4] 22 2712
Z oA 12A12F vjstich Al 2 IM (Inductlon Media)
+As (Acetosyringone) brotholl A 6417} vkt 5 =819l 3}
% wjFstgl 44 AF F 5 mg/l kanamycin#t 300
ngL cefotaxime©] -5 MS 721zl A 4~6F & FH
AEA S 152 dfA W AEds)sie). Particle bombardment
(PDS-1000, Bio-Rad)ol| 213 HE& F147F 59 AE
E. coliz%-E] plasmid DNAE g3} (Plasmid Miniprep
kit. Corebiosystem co. Ltd., Korea) 1.0 i gold-microcarrier
o coatingAl7l ¥ 4ol v]g] myd F3lel dHed HF
srgom, Helum 2 (psi) 2 AZA 12 F238
29 ZABI

bl

ul

- PCR
Aurf Ao A A EstE 21 EA = plant genomic DNA
isolation kit (Corebiosystem co. Ltd., Korea)g ©]-ga}]
DNAZS %3191, genomic DNA A2k kx| RNase
7} A2 H ) HE DNA AHE-& agarose gel 27953
B2 260 nm ZAA 9 vwE 5 AYsk] LA
2o 213k PCREA Y A}&3ith PCR A Aol nptll
gene?] ZFZ2 9% primer= 700 bp2] PCR A& 5%
&= forward primer ATGGGGAGCGGCGATACCGTA ¢}
reverse primer GAGGCTATTCGGCTATGACTGE A&
slgd o, PCR %2 Gradient Type Program Temp.
Control System PC-818 (Astec, Japan)& Al-&-sto] 94 Coﬂ
A] 487} pre-denaturation ¥H3-A17) 31, 94TCAIA 14, 5
ColAl 18, 72TolA 1.5%¢] cycled 353 HAISHA D‘r.
72°C o)A 77} final extensiono] £t PCR #F4HE2 10
6311XJ§L04,I_E ki

Rl

r}, mlolr

wZ 1% agarose geloll 4] loading3t %
G |

- Real-Time PCR
Real-Time PCR #2412 Real-Time PCR 7500 system
(Applied Biosystems, USA)& A}83}912n, PCR ¥h&-&



1% TagMan BN115 probe= Applied Biosystemsel| 4] 3
Asl4d T} Probes forward primer (5° to 3’) AAGTCGT-
TGATCTACGCCGATAAA$} reverse primer (5° to 3')
GCTCTCTTTGTGGCTTCATTGAG=Z gA4dH% . &3
TagMan reactionS $/$+ AmpliTaq Gold DNA poly-
merase, AmpErase UNG, dNTPs, Passive reference dye
(ROX), Buffer 5-o] X&% TagMan universal Master Mix
+ Applied Biosystems 218 Zgito}l A1&3153 ). Real-
Time PCR #h&-& F&F 25 ygof} 1 uf DNA (30 ng), 12.5
1l 2XTagMan universal PCR master mixture, 1.25 uf
TaqMan BN115 probe mixture, 10.25 yf RNase-free water
g st #x 95CaAA 10@3F §HgA17]aL, 95TCllA
1529} 60°CAlA 1879] cycleS 403]8te] 2z} sample 3
33 vk o7 A& Standard curvet= positive control
(purified pBN115)& 45, 4.5, 0.45, 0.045, 0.0045, 0.00045
ng/WE 10-fold serial dilutiond}o] curveE 18 ¥ unknown
samples¥} H] L 3}e] 7500 system SDS software v.1.3
(Applied Biosystems, USA)dl 2]3] #4139t} (Ding et

v BE580Y

al. 2004). pBN1158ko]] wh2 42 copy S WH2 1.
(Number of base pairs) (Average weight of double stranded
DNA) / (Avogadro’s number=6.022 x 10>/moly=Grams/
plasmid molecules, 2. (Grams/uf) / (Grams/plasmid mo-
lecules) = Plasmid molecules/pf B3 copies/yfoll W} Al
AksF Tl (Sen 2000).

20 o o#

Agrobacterium &2 ¥ callus &4

2glal FEuokel] AMEE Agrobacteriume 5.0 1.0
m (44 x1.6 ym Hernandez 1999) =17]Z gram-negative,
non-sporing, motile, rod3 o}, cloverol nitrogen-fixing
nodules2 A&t Rhizobium3 LA S #edo] v}
(Figure 1A). Bacteria 42| Agrobacterium tumefaciens-

tirlre] AE el A& (dicotyledonous), £3] apple, pear,

Figure 1. Agrobacterium characteristics, infection through injured parts and formation steps of callus on Chrysanthemum leaves. A,
Agrobacterium tumefaciens. B, C, A. tumefaciens infection into injured part and stoma. D~G, Formation steps of callus on leaves.

H~1, Regeneration of Chrysanthemum.
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peach, cherry, almond, raspberry, roses ¢ %] z}o]
3t A& Aol crown gallS §@sles AEHYFoE
HA drh 71 EAH o7 AFS A E genomeo] DNA 5
= °“P°]Ui AE tr%‘-/] Zg2X o851 9t (Tin-
land 1996). & glol| A}2%] Agrobacterium- 2} A 9]
& 79 5*% % H AEA AS)se Aoz BEH e
o (Figure 1B,C), A3 A1 EA X = ligning
olug} o] HTE- é_‘ (lignin precursors)2 Ao ola
TS W=k TS 4 (cellulose fibrils)= 21 E-A]of
Agrobacterlum-J F23& 5 Aoz vauyu ot
(Sforza et al. 2002). =13}9] callus 2 A& 3= HZE 23
T % A & cork-borero] oJ3) A o AR
B 27 FE~3E Y AEGefEs} o)eg 2gon
8] FAdE AlEsle A3 AT 7P e A
2 23lslo] callus?t A 12 callus 25 E] 227} A)
ele = or #EEHAT (Figure 1D~D).
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FAY v
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SEA HEEZ Al

AR HEXRD 24 A8t Agrobacterium 2 par-
ticle bombardmentol] 93t &% FH2} T Hat
ATE 8319t Agrobacteriumel 93 £-HA HEZR
A2 0.D.goo=0.501 4 2087k F-EuiekA] callus &4
100%, shoot A& 5.1%, shoot 4= 22702 7} 3-8
FAAEES VeI OH, 1157] (93.5%)2 2 Ak
AJct. whdA, Particle bombardmentol] ]38 1213 &
helium &2 1,100 psi¢} target A2]Z 9 e =&
W} callus YA E 100%, shoot A E 11.8%, shoot 2.5
NE 7P &2 0|} (Table 1). oo} #ds FAAs
o g MS dAwiz|o A Agrobacteriums 1:500.2 3

o rlo mlm ro, 1~

Asle] -dAH overnightd}s] S wl, 2,4-D2] o] waf
ARshgo] gepxom, 025~1.0 mgl $3olA 2,4-D7}
AFE AR} shoot ¥ A shoot FAFo] Eokrtn

B39t} (Sherman et al. 1998a).

HENEH A
- PCR
A24&7d BN115 gened} FEA|F-AA24 kanamycino]]
Agd e nptll gened 7HA| 1 gl A1 &34 binary
vector pBinl9/BN1157} =49 A rmefacience MP90OT}
238188 FFuYd T 5 mgl kanamycino] E0]9l= MS
+3%sucrose HjA|o A 4~6F T Ay [237]9) ¢le] &
AAEA 5 1074415 i E Adste] PCR 2 Real-Time
L EENE LR PREEEIE LTRSS
Fnl‘i—Ei gDNAE FEato] EAFHAQ] nptll geneg F
355 A|2E primerE o] €35k PCR #AA A3} ulg
eﬁ%‘rxﬂ (wild type)i= S5 54| gtort i A 10
N % 9709 HHAHEA = purified pBN115 (+ve control)
S} 22 =71¢] 700 bpoll A W=t FA AT (Figure 2).
o] kanamycin BjR|oA g FAAZA NN FE2H
DNASt] nptll geneo] EA3g Sels) i Az 4L
g SRR} Zoo) BYHASS o] g},

R

- Real-Time PCR 7 A
PCR u+8-2 A EA ol Zx)3}=
sk 7hAsFA goldk Wy Fo

3 48

SaRe] g e
BILIARE Agrobacterium
A ote] STl HAA A Al B o] BAso] Mt

Figure 2. Polymerase chain reaction (PCR) analysis of transgenic
Chrysanthemum. M : Size marker (1kb), Transgenic lines :
Selected transforments from medium including 5 mg/L kana-
mycin, W : Wild type (negative control), P : Positive control
(purified pBN115), S : Sterilize distilled water.

Table 1. The inoculation methods using Agrobacterium and particle bombardment for transgenic Chrysanthemum

% of callus

No. of transgenic

% of shoot No. of shoot

Inoculation formation (%) formation (%) (No./explant) Chrysale;zl)lemum
0.5° 10° 57.5 2.0 1.0
0.5 20 100.0 5.1 2.2
Agrobacterium 115 (93.5)
1.0 10 40.1 1.4 1.1
1.0 20 354 1.3 1.0
Particle 900° o 100.0 13.7 2.0
bombardment 1100 9 100.0 11.8 2.5 869)
Control (MS basal medium) 35.0 0 0 0

*0.D.600==, °co-culture time (min), ‘helium pressure (psi),
p

‘target distance (cm), vacuum (inches Hg) : 28, particle size :

1.0 n gold.
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Figure 3. Real-Time PCR amplification of BN115 gene. A, Amplification plots resulting from the amplification of six 10-fold serial
dilution of purified pBN115 gene ranging from 45 to 0.00045 ng/uf with the TagMan probe. B, Amplification plots of transgenic
lines showing the changes in fluorescence of TagMan probe dye plotted versus cycle number. C, The relative standard curve obtained
with the threshold cycle (CT) values versus the log of the each initial concentration.

=

& AgH M= PCR 2% %
} EA8k Aoz Vel d4A
e 497 Ak gk Z3k 92
A 22 223 gDNAZ 7[x| 2 Real-Time\i’CR"ﬂ 9

L

oLt

3 BN115 gene2] Real-Time PCR A3} slopet= -3.313975,
R2 (Cr7t 3} logona concentration AF019] A ZHAA)E 0.998319
= o19]t}. amplification efficiency= [107C""P91.1 9] 2
2ol we} slopeZ} -3.313975<¢ wfl amplification efficiency
7} 100%0°] 2% 45~0.00045 ng/p0 912 pBN115 gene
108§ serial dilutiondl amplification plot= Y443+ 74
© 2 standard curve’} 218 At} (Figure 3A,C). Cycle 5=9]]
& TagMan probe dye?] &3 W3E Ho]F= ampli-
fication plotsol| A &AASA = Crato] 20.75~35.62H 9]
Z vpebgdt} (Figure 3B, Table 3). T=3F serial dilutiono]] A
Ao el W AR A8 testdd Cr 7ol Y

fru

Table 2. Reproducibility of the Cr measurement of standards
(positive control, purified pBN115) from 45 to 0.00045 ng/ul

using the TagMan assay system

DNA amount (ng) Cr value for reaction Quantity
45 13.41 56 X 10
45 17.07 5.6 x 10°
0.45 20.31 56 x 10°
0.045 23.64 56 X 10
0.0045 27.07 5.6 X 10
0.00045 29.97 56 X 10°
SDW undet. 0

= 13.41~29.970)9) o), SDWE= AE T A st} (Table
2). AR AAE 7122 pBN115Zol| M 7 copy
4 ZA8HE 1. (Number of base pairs) (Average weight
of double stranded DNA) / (Avogadro’s number = 6.022
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Table 3. Cr value and quantity of transgenic lines according to their standard curves using the TagMan assay system

Cr Quantity
Sample - -
once twice thrice mean once twice thrice mean
T2 20.70 20.74 20.82 20.75 4.00x10° 3.89x10° 3.68x10° 3.86 x10°
T35 35.60 35.66 35.60 35.62 12,754.84 12,195.79 12,746.49 12,565.71
T56 35.00 34.57 35.73 35.10 19,310.04 25,955.08 11,657.79 18,974.30
T59 34.13 33.64 33.66 33.81 35,245.02 49,715.84 49,105.04 44,688.63
T63 33.63 33.32 3371 33.55 49.947.11 61,965.61 47,414.09 53,108.94
T74 31.39 31.56 31.37 31.44 236,961.91 210,970.92 239,838.48 229,257.10
T84 34.54 33.30 34,65 34.16 26,615.15 76,741.88 246,10.01 42,655.68
T96 32.08 32.01 32.16 32.08 147,173.17 154,260.94 139,251.77 146,895.29
T101 30.78 31.08 31.08 30.98 362,092.09 293,662.59 294,041.53 316,598.74
TI11 33.08 32.90 32.87 3295 73,091.57 82,940.68 84,872.75 80,301.67
-ve undet. undet. undet. undet. undet. undet. undet. undet.
+ve 13.40 13.37 13.37 13.38 6.37x10" 6.50%10" 6.50%10"° 6.46x10"
SDW undet. undet. undet. undet. undet. undet. undet. undet.

% 10%*/mol) = Grams/plasmid molecules, 2. (Grams/uf) /
(Grams/plasmid molecules) = Plasmid molecules/yf %+
copies/plol] wel AAFSFE T 45 ng/pl plasmid DNAS
serial dilution®]-S ] standard= 5.6x10'"° ~ 5.6 10
copies/pfo] Qo m (Table 2), A A3 AL 3.86x10°~
12565.71 copies/pf (Table 3)o]AT}.

o]Ale] Real-Time PCR¥} PCR Z# 2 unlglo 2 L4

A BN115 geneﬂqL FEAFHAEA kanamycindl] A&
9= nptll geneS 7FAal Qe A E4&-§ binary vector
pBinl9/BN1157y =% A. tumefacience MPI0T} =31
& FEujslt 3 5 pg/l kanamycine] Sojgli= Hj X ol A
Adk=l 10704 % PCRoJA = 97017} plasmid DNA (+ve
control) ¥} Z+& 7] 2] 700bpol|l 4] BI= 7} HAH = Z &=
A3A 2 BAE 2o Real-Time PCRoJA = Crgk 350]
&g Bl T359 T56-2 v HAMSAZ AALATh Li 5
(2004)2 Real-Time PCRE o]&3lo] FAAEA copys
2 Aatsts oz 2°°[A AC=ACr (unknown
sample)- ACt (reference sample)]3} Weng 5 (2004)&
Xo/Ro = 10{CTHIISHCTRINGR 3 0 o) @ 5101 o1 Southern
blot analysis?} A& Wuate] x| AF-E AH}GS
45 AR ATE RSk

Real-Time PCR #4& Eﬁqﬂ% PCR
sensitivity 9} specificity 7} £& v ojlUg}, ZEHE] 24
A & AIZE ojie)] hRE 4 jlom, ARE ERlsh)
Aal A719E GAE A + Jonw 4 ARF v
&g ¢ 7 vk =3 PFE Z2a9
gt & ¢ onz A 4
3] 20-30 nt9] TagMan probe& ©]-&-5}
primer A}¢]2} internal sequenceZ: J*—‘.%&EW Auta o
PCR Wi Rt} Adeiz o2 PCR productE & &

f%].

o] probe= 5'-endo]]
-end o]
quencher dye2] FRET (Fluorescent Resonance Energy
Transfer) §-S o]-g3to] FEqEo] S7HEE o4& =Y
E& 3tch DNAZS Awkalr] 9sted Cr (threshold cycle)
75 o] &3}=d], PCR product &4l 23 Crzte
ting template amount$} & @ v} wpEbA Crglo] 2
8—?% target ©. & 3} gene®o] ol EAFE &gt

T3} unknown samplesotoll 9= target geneol thgt Ak
Zke sample®] Cy ghS standard curved] tiglsle) +& 5
,\}12111 standard curve: serial dilution® T

i3 )3l logd49] linear plot7} THEA R} (Li et
al. 2004). B, B A7} 2L $0AE ol gake] M
ATAHE Tl A3 sk BF Bl FAH
7F2Fe] 749 (Choi et al. 1996) Agrobacterium MP903} F-
TG R oF 6~8F Fof A} HrFE AR oA

ggjom Mty FAARAS
Ao & PCR, southern ¥4 A3 A A 84 FA=7}
212 H|9] genomeol SFEA R =UHASS st
Il ¥aEdo) ESE A (Jeong et al. 2000)2] -9 o A4
HE Agrobacterium} F-su|goz oF 3~478H mul-
tiple shootsEo] AAH7] Az om, MEH shootsE
& PCR, southern, RT-PCR HF2-& )& 6‘}04 =9
7]. N—xﬂﬂoﬂ o]-z%z% oz EO]QO_] %

Bug bk gk

21+ fluorescent reporter dye%} 3’
9)3= quencher dyeE labelings}™, reporter dye<}b

star-

= sample & 2]

multiple shootsE A&

A28 BNI115 gene®} HA|-F-H R} 24] kanamycinol|



AeA e nptll gened 7HA 3L Q= AE23 S binary
vector pBinl9/BN1157} =% A. tumefacience MP90-S-
ool FEul Fdch B3 particle bombardmentES
olg et} BHow sl fAAY} ABAN e =
{15jo] W& H-& PCR 2 Real-Time PCR 71407 #el3}
vk =opela FEujokel] AL&E Agrobacteriume 5.0 X
1.0 ym=. non-sporing, motile, rod o], Callusi= pino|ut
cork-borerol] 2Jaf A ol FPFAl| 2 H-E A o] 4]
EA7F Adet "k AR SYE2HL Agrobacterium
£ 0.D.600=0.594 2087+ F=uok & o, Particle bom-
bardment= helium 428 1,100 psi, target A2 S 9 cnE
FAWE o, 7 E&o] =9tk Smyl kanamycino] £
Sl wl oA ke WAPRAE POR B0z §ad
gofR-5 e & oo, Auk 10714 F 9] o)l A]
purified pBN1159} 28 =A7]9] W=7} AW} Tag-
Man probeE ©]-£3F Real-Time PCR Z 3} 45~0.00045
ng/plB oA pBN115 gened 1084 serial dilutiondt
amplification plote Y3+ 7+7 0 = standard curveE H
#R.em, slopet -3.313975, R2+= 0.9983190]81t}. Amplifi-
cation plots2] HZAA3A| Crzhe& 20.75~33.81' 899 0H,
TR copy = AHFEAS 7122 4HE3Ich pBNI159]
plasmid DNA £ serial dilutiong]-& ), standard: 5.6 X
10"/45ng ~ 5.6 X 10°/0.00045ng  copies/ufo] Qo &
A AZHAE 3.86 X 10° ~ 12565.71 copies/weo] Tt whalA]
PCR, Real-Time PCR 54 A7 HeAaA SAR 7} =
3kl genomeol HHA 0T EYE Q)0 FAE .
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