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Optimization of Genetic Transformation Conditions for Korean
Gerbera Lines
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ABSTRACT Gerber (Gerbera hybrida) is a valuable ornamental species grown as a potted plant and cut flowers.
However, genetic variability within the gerbera genus is very limited. So it is absolutely needed to introduce and
widen genetic resources into gerbera lines by genetic transformation. For the purpose, 18 Korean gerbera lines
were screened to establish Agrobacterium-mediated genetic transformation procedure. In an experiment to select
Korean gerbera lines which are amenable to Agrobacterium-inoculation, 12 lines turned out to be positive in
Agrobacterium-inoculation. More callus were produced from BA 2ppm, Zeatin 2ppm, IAA 0.2ppm in pre-culture
and regeneration medium (2X media) but there was no difference in the frequency of GUS expression rate. In
another experiment to find out optimal condition for highly efficient Agrobacterium-inoculation, petiole and leaf
explants have been treated with four different pre-culture periods, two different co-culture periods and two
different Agrobacterium strains. As a result, high GUS expression has been showed from petiole and leaf explants
treated no pre-culture period with LBA4404 Agrobacterium tumerfaciens, 5 day co-culture period and dipping

treatment.

Key words: Gerbera hybrida, Agrobacterium tumerfaciens, cefotaxime, Zeatin, IAA, BA (6-Benzlaminopurine),

GUS (B-glucuronidase)
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Awet (Gerbera hybrid Hort, 2n=52)= =3} 7 djz}
2o Fale 2223 28 (Mercurio 2002)E H2kA]E
ofAJotet ofxz g7t} Zuf B Ao, 1878'd ot
zelte] Edlad (Transval) ol 3§ 2AE 7,
22 AuEEe] 71¥e] =AU} (Grifing 1959). 22 3
188610l F=13} mekrof AiE AL 1930 d el = A
gtg oz Bolxalgboa]l A2 T) (John et al. 1999).
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1 5 Agrobacteriume o835 FAAG wWhHo] HaH$]
o (Nagaraju 1998; Teresa Orikawska 1999), in vitro A%
AR A2E FE87] 948 4F 5ol £8AH (Ra-

dojective et al. 1987; Jerzy and Lubomski 1991; Reynoird
et al. 1993; Teresa Orikawska 1999).

o] ATNNE AdEdr1Ed FAGFAT2A 54
#1870 Avlel $EATS 7D FAABAE A7) 9]
CER

Adlgl AAES 5 DHAEE At s
ZAFHAAZ d4#HZ FT (ﬂowermg locus T) $Az=S
pCAMBIA23010| #AAste] Avzt FAHE 43 Wy E
Azt HA A gl X838t Agrobacterium T B WA
2 <l3le] LBA4404S} EHAI05E AM&315ith (Figure 1).

Agrobacterium FH|

Auete] HAAg a8 vus Y3t Agrobacterium-
pCAMBIA23016] FT8A77} 79 WES LBA44043}H
EHA1059] 2tz o] Abgatqirh.

Agrobacterium-S Z2A A 74 A kanamycin 100ppm 2}

X Xh E.B

rifampicin 25ppmo] E3HE YEP 1A w)jx] (Table 1))
streakingdlo] 28 C incubatorofA] 3AzF wiks}sict Hik
3l Agrobacterium®] single colonyZ ]F3}e] 8|7+ Hok
YEP 4] 8jx] (Table 1)o] 4 seed cultureZ 3+ ¥ OD3:
0] 0.60] AU i, 30% glycerol S Y BF A% &
Im¢¥ E8to] ThE stocks FZA M| AMESHS T
Agrobacterium HE ¥ Su{et

T-afeF v x]= 100 pM &) acetosryngoneo] 3-8 CCM
WA ARSI (Table 1). RAAS 7 g W50l

=2 stock 1 m()x;j YM BA wjz]o| A 1647+ F<F large
cultures}th 7 3 30 mdE LH5o] tubed] ©& £ 20T
7000 rpmol| A 155 F<F centrifugeA) 7] &, ODEF 0.6 =
o] ZEelo] 5B COM 9] WAe] S0l 73 ZHl3kg
oh MS 3A] Aol A 3~4% A% A2 2198 AAlT
Hg 109 bladez °oF 1 cn®] =712 Atk ap¢ich a0
L QA v Agrobacterium% CCM iz Hfj=]e] 3]
AAIA T tubedd] ZHet T AW A A4S 1027
sonication} 3087+ HAZEA|71 T Shij&o] 9B SIr2
A4} 3, 527 25ColA] Qe 171 o hro] A
S st 1813 Agrobacterium®) FE 88 =
o]7] $iete] 33 dipping L2 16413t F<k large
culturest 200 mle] Agrobacterium2 50 mlZ 7o) 20T
7000 rpmoll A 155 Ft centrifugeA] 71 54 17} tubeo] 9+

2

CCM o) WA 3 miahe A7kele] msos THE 3,
109 bladeo] ZH)8 mEES B 9H3} AL A2
o) AFESHATh oia) B go] AEE A5 o] S8
B,

aEE]

228 AAels A4 vzt BAAG wEF] v
Ar Qe Foln A AYS SR A Hfﬁ
EE%S Zu]¥l CCM | (Table 1)o] BA 1.0, 2.0 p

63 o}i’it’r-

Gus

s (et

RB Tnos

35S / NPT H’_D
LB

Figure 1. Expression vector construct for gerbera transformation. pPCAMBIA2301-FT vector. BR, right border; BL, left border: NPT
I1, phosphinothricin: GUS, B-glucuronidase: 35S, CaMV 35S promoter: Tnos, terminator of nopaline synthase; B, BamH I; E, EcoR

I K, Kpn I; S, Sac 1; X, Xba 1: Xh, Xho 1
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Table 1. List of media and their composition used for gerbera transformation method

Composition
VEP Yeast Extract 10 g/ #, NaCl 5 g/ ¢, Peptic peptone 10 g/ ¢,
Plant Agar 1.0%, pH=7.0
LB Yeast Extract 5 g/ ¢, NaCl 5 g/ ¢, Peptic peptone 10 g/ ¢,
Plant Agar 1.0%, pH=7.0
MS MS vitamin 4.4 g/ ¢, sucrose 3%,
(multiplication medium) Basic BA (6-benzylaminopurine) 1.0 mg/ /7,
P Sigma Agar 1.0%, pH=5.8
Basi MS vitamin 4.4 g/ ¢, sucrose 2%,
sie Sigma Agar 1.0%, pH=5.8
PRE benzyl 2
i BA (6- i ing) 1 , Z
(pre-culture medium) Hormone I(A N e(r)lzly a;l;op:)u;me) , m(g)/ 32 ;ng/
concentration ’ m. » 0.2 mg/ £, 0.3 mg/
Zeatin 1 mg/ 4, 2 mg/ ¢
MS vitamin 4.4 g/ #, sucrose 2%,
IAA 0.2 mg/ ¢, Zeatin 2 mg ¢,
Basic BA (6-benzylaminopurine) 2 mg/ ¢,
CCM Acetosyringone 100 uM, pH=5.8,
(co-cultivation mediuim) Solid : Sigma Agar 1.0%,
Thiol L-Cystein 3.3 mM, DTT (dithiothreitol) 1.0 mM,
compounds

addition(1X)

Sodium thiolsulfate 1.0 mM,

MS vitamin 4.4 g/ 2, sucrose 2%,
Cefotaxime 500 mg/ ¢
Sigma Agar 1.0%, pH=5.8

BA(6-benzylaminopurine) | mg/ ¢, 2 mg ¢
TIAA 0.1 mg/ ¢, 0.2 mg/ 4, 0.3 mg/ #
Zeatin 1 mg/ &, 2 mg/ 4

Basic
RE
. . Hormone
(regeneration medium) )
concentration
Kanamycin

concentration

Kanamycin 5 ppm

Mo 2 KHES
Ul &, Agrobacterium®] Zﬂﬁ‘%i #3}o3 500 ppme)
cefotaximeo| E38HH 1/2 regeneration A viX|Z 13] A
At 30 mee] A §4E ¥ 50 ml tubeol] HH
GAE Bolom, £0F HAB| ASE 50 Fo) 1
3] Mg duly dA2 RE (Regeneration : MS salt 4.4
g/ ¢, BA 2.0 ppm, Zeatin 2.0 ppm, IAA 0.2 ppm, sucrose
2%, Agar 1%)-D (cefotaxime 500 ppm)aj=]ol] ]3]
24°C wiFAolA ek AlA Aok WS FFETh
T2 559 A FRO e Ay ) 588 o
ol 7] 93 A= TEE F5= BA Ippm, Zeatin
I ppm, IAA 0.1 ppm (I X media), BA 2 ppm, Zeatin 2
ppm, [AA 0.2 ppm (2 X media)® 22 FH7Fstdn, T4
2y 7k 72+8 =12 9) cefotaximeS H7bslch o & 2
F g0 72 MujeF Al7IHA RE (cefotaxime 500 ppm,

kanamycin 5 ppm)#jA] 2 &7 XArelHAA BAsIG O

GUS &3 =4

Fddgel aes AAst] fstal GUS AR &
ettt GUS 2AIuEg-& Jefferson (1987)9] HHHE A}
439 e GUS S EAE whs7] Yslo] 3nge]

5-bromo-4-chloro-indolyl glucuronie (X-Gluc)S 150440
dimethyl formamideol] =<1 &, 850142 solution B (1%
Triton X-100, 0.1M phosphate buffer, pH 7.0, 5SmM
potassium ferrocyanide)E 7}t th SI medium 24 &
0.5cm 27|12 A& shoot & AHAE Aoksle] GUS kA
SN Hypgk T, 37°C incubatorol A overnight 323}
tl. A& %, destaining solution (ethanol 2.5mé, 10%
formaldehyde 5Smf, 5% glacial acetic acid 2.5m0)& #7}3}
o 4Col| Batn GUS T offe} Hrg s
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An Yo

ik

2 HH2t 8EAHE HEME =88 genotype 41g

U Ave AN 7|2 24 FHE s8] o7 A
o A&l A" FT 3422 pCAMBIA2301 vector
oko & subcloningdle] FAE GHWE]S A 23Tt
(Figure 4).

A &5 genotype AL Sl AP o] &
Ul Azt AlE 18709 GUS @2 Al 1 & Aol&
Atk AE 011, 015, 016, GM023, 031, 041, 052 5&
GUS 282 Jehiodk 012, 014, 022, 023, 024, 042,
043, 051, 053, 128-65, H301 <& GUS &g Eh)x
orgrct 7l =dsle] S8 Ave} AlEe Wie] ¥

=
H

87 gstort 34 w3 # ool Bastel Aug ¥
& g A9E 990
Al FE} olFolAl RE wlAlel ol %, wbjehs 2

i Zoj7h= Ao] AulA oz BAEICk o3
A& Bx18}7] $)8}o] Elomaa (Elomaa P 2001)5-©] A-83
Ezro] Au|el =4 wjA] (Table Dol 718t
=l Adenine hemisulfate, L-Tryosme, NaH,PO; -
% Terri oA Ae2e] 20 BA B0
59 A Aber Alo] A7beA &

Atz g7t 9%} (data not shown).

r

H0& 9= &%

v =) Ade
& A ni3
Miz2| HiX[oflM = JHK| CIE S22

ol ojxle I

STt #eA

A wjzlo|A F 7ix] T 528 s X2rt A
frzol mix ke dolry) 9y Agrobacterium
Aol 42&40] Feld 011, 016, 0228 L FH3 1127}x1

O s
T 9%

U\I

2 7443 23S Saigitt (Table 2). AAE 7|70
69 A F /A e S22 5% BA 1 ppm,
Zeatin 1 ppm, IAA 0.1 ppm (1 X media)¥} BA 2 ppm,
Zeatin 2 ppm, IAA 0.2 ppm (2 X media) 2 A 22 5}
BA 2 ppm, Zeatin 2 ppm, 1AA 0.2 ppm (2 X media)E &
7Fe AEsh iAol 2)7Fs A, el MAAEL FF
kel ofzte] ztol= Yok, A WA F& AdA=
041, 042 FEFNARE el gge] AHYT, F Al 5
T Aol 011, 022, 031EF8 ALg x| 97 &
FollA Aejzrt & A=A AAH R FFE Hlarst
o Aukd o & BA 2 ppm, Zeatin 2 ppm, IAA 0.2 ppm (2
X media)?] =M o $3e Axs BT 28w
GUS 919 Axx A Hy S22 5% AoEo F 94

w5 AE7F o Bol e velwta, Aelse] FE Ak
E T A s28 A wEU 9 £

M2zt viXloM Ml 71X CIE S2E &
o ojxle F

T X2t #eia

2o A3 Az A 7] vi|A]E BA 2 ppm, Zeatin 2 ppm,
IAA 0.2 ppm (2 X media)2 AE3t &, R} g8 4
FEE 9sld 011, 016, 0228 £33 127}4] F5E
Wz AEE wie) 44 $2E FRE rae A9
£ F85ttl (Table 3). 12704 £F 25 AAe] 7|32
64=E 1At F A e EE F 5 (1 X media; BA
1 ppm, Zeatin 1 ppm, IAA 0.1 ppm %+ 2 X media; BA
2 ppm, Zeatin 2 ppm, IAA 0.2 ppm)2} A2} wiA|Z A
23 T2 77t A 74 g2 328 5% (BA | ppm,
Zeatin 1 ppm, IAA 0.1 ppm/ BA 2 ppm, Zeatin 2 ppm,
IAA 0.2 ppm/ BA 1 ppm, Zeatin 1 ppm, IAA 0.3 ppm)=.
G A 2ok el A BAES T Jae

E‘]/\ O T =

HrmN

Table 2. Comparison of callus induction from two different growth hormone concentrations in the pre-culture media

Ix growth hormone

2x growth hormone

line

petiole (%) leaf (%) petiole (%) leaf (%)
011 53 20.0 100 8.0
016 70.0 100 98.0 100
022 36.4 13.0 97.7 97.4
023 30.8 133 100 100
024 28.6 100 100 100
031 11.5 8.7 89.5 27.7
041 100 100 100 100
042 100 100 100 100
043 . 7.4 14.3 100 100
051 83 80.0 100 . 100
052 75.0 625 100 100
053 85.7 100 100 100
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Table 3. Comparison of callus induction from three different growth hormone concentrations in the regeneration media
1x growth hormone 2x growth hormone

] in the pre-culture media in the pre-culture media
fine petiole (%) leaf (%) petiole (%) leaf (%)

Ix 2x 3x 1x 2x 3x Ix 2x 3x 1x 2x 3x
011 0 16.7 0 50.0 50.0 0 100 100 100 100 100 100
016 14.3 50.0 66.7 100 100 100 100 100 93.3 100 100 100
022 50.0 36.4 20.0 0 14.3 222 923 100 100 91.7 100 100
023 50.0 20.0 25.0 0 20.0 0 100 100 100 100 100 100
024 100 333 0 100 100 100 100 100 100 100 100 100
031 14.3 20.0 0 14.3 0 11.1 100 100 714 77.9 72.7 75.0
041 100 160 100 100 100 100 100 100 100 100 100 100
042 100 100 100 100 100 100 100 100 100 100 100 100
043 12.5 0 9.0 0 0 40.0 100 100 100 100 100 100
051 0 25.0 0 100 50.0 100 100 100 100 100 100 100
052 57.1 71.4 100 0 75.0 100 100 100 100 100 100 100
053 50.0 100 100 100 100 100 100 100 100 100 100 100

Table 4. Frequency of GUS expression for two different co-culture and four different pre-culture periods with two differnt
Agrobacterium strains

LBA4404 EHA105
line 3-days 5-days 3-days 5-days
non 1 2 3 non 1 2 3 non 1 2 3 non 1 2 3
016 66" 100 66 50 30 100 50 60 12 25 12 12 16 0 0 0
033 40 0 25 0 37 20 100 26 0 0 0 0 0 0
052 35 75 57 10 83 25 62 26 0 12 0 8 0 0
041 53 85 77 25 78 42 70 57 20 0 36 13 16 0
* Percentage of GUS positive response in all explants
2 o] SAETE 1 Hah FF whek vk Xpo] AR HEE A %5 59 2 F ke XY oY
= o} Mditd o2 BA 2 ppm, Zeatin 2ppm, IAA 0.2 3} FAloA 100%2] BHAFEE BT YA ZH0
ppm (2 X media)= A A& E 3 3, BA 2 ppm, Zeatin @ A% Hubdog =2 XA S (84%-100%)S e
2 ppm, [AA 0.2 ppm (2 X media)9] &3} sjA N 718 Wit} (data nor shown). & W 717F 3¢, 5 A Zof
AR zRE else] dajo] FEFUC (Table 4). Zeivh A ABA Aoz 3do] 2elu A HelE 5 %e 3
olglg el ¥ GUS wdS wusiglovt el BAE 7 ¢ 3 FolAE d MY E A e Aol FX o AE
Th= g dAFes v GUS L3S YERY (data A AEiZE F5kth ke =Yl F-E B %’43}01
not shown). GUS ¥de 4, %, st Wrols] 2Abske] dlals] &
I, AT ZF gk Aozt gloyt dEtyow H%k
T 7H| CIE 3diek 712kt W 71| CkE HAe| 7|Z240] 71 3¢, 59 Follde 5o XA Gl ¢ w2
oA RO ofx= FE GUS #d S vetylon, 4l 7ix b& A 74?4 713k gl
e A AeE AgshAl &8 9 faldAM o g2
Aol FARE vAe TE2E 2AS Rl &, GUS 28-S LT (Figure. 2 & 3). _za; 3 vk 7)
HHO]“J"r A AE 7)3be] AR G miAlE Qe & 1H8 39 HE Aol AHE AsA &L A A
0}E7 o] TAl 7EAL AlE 016, 033, GMO023, 041, 052 23k E33 Aol GUS wdo] Er}E ol & i}
g 7 ‘% TG o] B 7PA ASE A0, X Batg o) F ek 7178 59 AR Aol A
1,2,399 d Ae] 71743 3, 592 & wiE 71e AR AE e 22 Zo] AZE dH GAA B Fl
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Figure 2. Comparison of transformation efficiency by different
degrees of GUS expression. The explants were transformed with
Agrobacterium tumerfaciens LBA4404 containing pCAMBIA2301-
FT and assayed for GUS activity with histochemical method
after 3 day of co-culture period. The explant were classified into
3 classes; high (b), medium (c), and low (d).
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Figure 3. Comparison of transformation efficiency with diffe-
rent pre-culture and co-culture period. The explants were
transformed with Agrobacterium tumerfaciens LBA4404 con-
taining pCAMBIA2301-FT and assayed for GUS activity with
histochemical method with various pre-culture periods (0, 1, 2,
3 day) after 3 day (A) or 5 day (B) co-culture.

7l %<& GUS @ thehic (Figure 3).

5 JX| B2 Agrobacterium tumerfaciens?} &z
80| D[xl= Zgtk

7Aufel PGS 2 %5} Agrobacterium tumerfaciens

A #5016, 033, 041, 052
b A9 Ao o8 BEE 5 o4 o
Agrobacterium tumerfaciens?] LBA44049} EHA105E A}
8310 247 7hx) OE 3, 59 B W% 71749 ) A
£0,1,2,3% A A2E s} 2L 82 F GUS
W malith 1 23 LBA4404S A3 7%, GUS
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£
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Lll

A R J4 43 4ES wojon, ool Axel vhzly)
A2 39 F Y Brhs 5 ¥ wl A6 43 GUS
TS 2ot (Figure 4)
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Agrobacterium & &%
=

T 37MA AEE A APE e AT (personnel
communication). A 22]& 87 && g JAL di-
pping A7) & 73} 314 e o2 o] 39 5 ¥
HjF A7 5 GUS HRl=E Hli’é}ﬁir/}. I A3 033 F
FT& AT YA 016, 041 FZFol M= dipping s A2} 3
Aol ZkzE 90%, 95%¢<1d] ® 8H dipping& A 2|shA] &
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Figure 4. Transformation efficiency of two diffenrent Agro-
bacterium strains, LBA4404 and EHA105. The explants were
transformed with two different Agrobacterium tumerfaciens,
LBA4404 and EHAI105, harboring pCAMBIA2301-FT. Two
different co-cultivation periods, 3 day or 5 day, were tested.



Table 5. Effect of dipping treatment on transient GUS expression

T A2l |§3HE

SAMS J|E =M &8 . 55

041 016 033
dipping 95%" 90% 40%
non-dipping 53% 66% 40%

¥ Percentage of GUS positive response in all explants

i

&4 & AETE A F v 22 GUS ¢V =& e}
Wit} (Table 5). HE F 243 GUS 2L 1 o] & ¢
F3lo] Y] dipping i%ﬂé o o] &A] F2 Z
Histel date GRF Aale] HF FHd AgsA
A7) EEASE & 7 AATk (Figure 5). 221} 03
F¢] 7Z-5-ol= dipping& A28k A A ejshA] 2
o zto]& HERA %ot dippingA] 27t FH A

il

l

X

@ :[o
AL o o

8 >.\|L

043 016 033

- LN
N-dipping A

Figure 5. Comparison of transformation efficiency of dipping
treatment. The explants were transformed with Agrobacterium
tumerfaciens LBA4404 containing pCAMBIA2301 -FT with no
pre-culture period. All the explants were co-cultured for 3 days.

Figure 6. Callus formation and confirmation of gene intro-
duction from the callus forming petiole and leaf explants. The
explants transformed with LBA4404 (pCAMBIA2301-FT) and
produced callus on selection medium containing 5ppm kana-
mycin and 500 ppm cefotaxime (a-c). GUS-assayed explants
with callus (d-f).
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